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PREFACE 


Tjie experimental data and results given in Chapter IV of 
the volume on Heat Transinission hy Radiation, Conduction, 
and Convection were mostly obtained from a])paratus of small 
dimensions. Although these results ^illustrated the laws of 
the convection of heat and tlimr I'blal^ion to the resistance 
offered to the flow of fluids, they could not fairly be considered 
to be directly applicable to large boilers or heaters without 
further investigation. The first chapter of the present volume 
is, therefore, devoted to the consideration of experiments 
on boilers and to comparisons with the Results obtained from 
the small ajDparatiis previously mentioned, as well as to 
examples of the application of the laws of heat transmission 
to design. Although a large number of isolated tests have 
been made on bailers of various types, relatively there are 
but few results available of an authentic character where the 
boiler has been tested at various rates of evaporation and 
wh ‘.re a fair analysis of the losses could also be made. 

The problems associated with the transmission of heat in 
surface condensers and similar plant are quite as complicated 
as in boilers, but for different reasons. Here again in Chapter II 
only authentic experiments have been discussed, and an 
examination of the results shows how variable may be the 
rate of heat transmission from the steam to the water when 
condensation takes place in the presence of air. The trans- 
mission of heat in evaporative condensers and in cooling 
towers and ponds is similarly complicated. The transmission 
of heat in evaporators is more or less dependent upon the 
same factors as in surface condensers, but is further com- 
plicated by the conditions associated with the circulation and 
evaporation of the boiling liquid or solution undergoing con- 
centration, particularly when the evaporator is of the multiple- 
effect type. 

No claim is made that the various experimental data lead 
to absolutely conclusive results under all conditions. Much 
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research work is still necessary, and a careful study of the 
results presented will indicate what problems still await a 
more complete solution. For this reason the various experi- 
mental apparatus and results are described and discussed in 
some detail, and in plotting results all the experimental 
points are shown in the various graphs whenever possible, 
even at the risk of making some of the graphs appear some- 
what involved. This was felt to be necessary to give the 
reader an opportunity of judging the relative importance 
of each set of experiments, and the plotted points not only 
show the variations from the mean, but they also indicate 
the number of experiments included in each series. 

It would have been outside the scope of the present work 
to enter into a description of the various types of boilers 
commonly used in practice. Several standard text-books 
are available, giving detailed descriptions of these boilers. 
Similarly no attempt has been made to describe the several 
types of condensers, air-pumps, or cooling towers used in 
present-day practice. This has been reserved or treatment 
in a separate work, entitled Condeiisers, Air-Pnmj)S, and 
Evaporators. Only sufficient description or il’ustration of 
evaporators is given in the present volume to enable the 
reader to understand the experimental apparatus and the 
results obtained, and a detailed description of evaporators 
and the principles involved has also been reserved for separate 
treatment in the above-mentioned book. 

Acknowledgment is due to the Institution of Civil Engineers, 
Institution of Mechanical Engineers, Institution of Naval 
Architects, and the Institution of Engineers and Shipbuilders 
in Scotland for information and illustrations from their 
several Proceedings, as well as to several American and other 
publications referred to in the text. As it is hardly possible 
to mention in the text all the sources of information in detail, 
the author here takes the opportunity of expressing his 
indebtedness to Professor A. L. Mellanby for much valuable 
data and information concerning the transmission of heat in 
boilers and condensers. 


October, 1920. 


R. ROYDS. 
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HEAT TRANSMISSION 


IN BOILERS, CONDENSERS, 
AND EVAPORATORS 


CHAPTER I 

THE TRANSMISSION OF HEAT IN BOILERS 

Although the experiments and their results discussed in 
Chapter IV of Heat Traiisymssioii by Radiation, Conduction, 
and Convection are extremely interesting and instructive, it 
might legitimately be argued that tlie results of experiments 
made on small plant under laboratory conditions do not 
necessarily apply to boiler conditions in practice. Therefore 
it is projiosed to describe and to discuss certain experiments 
made on full-sized boilers, and then to comjiare the results, 
as far as is possible, with those obtained on small apparatus. 
Before doing this, however, it would perhaps be well to consider 
briefly some of the principal difficulties associated with a series 
of exjieriments on full-sized boilers. Summarised, these diffi- 
culties might be stated as folhnvs : — 

1 . 1116 heavy expenses of operation on large boilers for 
experiments over long periods, particularly when special pre- 
cautions are taken to ensure reasonable accuracy, and when 
an attempt is made to measure all the various losses of heat. 

2 . The great difficulties associated with the accurate 
measurement of the temperatures of a moving gas in large 
boilers. 

3 . Particularly with coal fuel, it is almost impossible always 
to control the combustion and the air supply to the furnace 
to accord with desired conditions, and with high rates of 
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combustion a large and uncertain amount of fuel may be carried 
through the boiler and emitted as sparks and unburnt hydro- 
carbons. This causes erratic results, even when the analyses 
of the fuel and of the flue gases are reasonably accurate. 

It would hardly be necessary to enlarge upon the expensive 
nature of boiler experiments. With regard to the measurement 
of gas temperatures, it might be said that, even in the case of 
large boilers, it is the common practice to measure the flue gas 
temperature by a single thermometer, having the bulb well 
inserted into the current of gas. Except when the boiler 
works lightly, such a position is probably sufficient to get an 
average temperature reading, seeing that the flow of gases is 
usually more or less turbulent. Quite apart from thermometer 
errors, however, there is one source of error which is nearly 
always neglected, and that is, the influence of radiation from 
or to the thermometer bulb or cover. Usually the thermometer, 
whatever its type, is placed where it is more or less subject 
to the radiations from the comparatively cold boiler tubes or 
drums, which causes it to read below the true temperature 
of the gas. Some examples of this are given on p. 18 of Heat 
Transmission by Radiation^ Conduction^ and Convection. 

In the following discussion attention is directed only to 
boiler tests of an authoritative character made at various 
rates of working, in which attempts have been made to measure 
the furnace temperatures by means of modern pyrometers, 
and which allow of, at least, an approximate analysis of the 
various losses of heat. It is also proposed to compare the rates 
of heat transmission in large boilers with the results obtained, 
and discussed previously, on small plant working under 
laboratory conditions, besides which, boiler efficiencies are 
considered as well as the various losses of heat at different rates 
of working. 

Nicolson's Boiler Experiments. — In order to test thoroughly 
his ideas of the laws of heat transmission based on Rejmolds’ 
work, and as verified by experiments on small laboratory 
plant, the late Professor J. T. Nicolson designed, and had 
constructed, various arrangements applied to an ordinary 
Cornish boiler. The results of some of his experiments were 
mentioned briefly by him in a lecture before the Junior 
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Institution of Engineers in 1908, but the apparatus and 
the results of some of his experiments are given more fully 
in his paper on Boiler Economics and the Use of High Gas 
Speeds.’'* The experimental arrangements adopted were a 
complete departure from ordinary practice. Unfortunately, 
the tests made were not so numerous as one could wisli, 
partly on account of their expensive nature and partly because 
failing health prevented Professor Nicolson from following up 
the work as he would have liked. The objects of the construc- 
tion, running, and testing of this large experimental boiler 
plant wore stated by him as follows : — 

1. To show that a greatly increased rate of evaporation 
per unit of heating surface could be attained by a mere increase 
of the gas speed. 

2. lhat this increased evaporative power could be got 
without any sacrifice of evaporative or thermal efficiency. 

3. To prove, by continuous working, that the narrow flues 
which the use of high gas speed entails do not choke up with 
tar or coal dust, and do not corrode at the outlet end of the 
flues. 

4. To show that by the use of high speed flow of the feed 
water in small bore tubes, the deposit of sediment is avoided, 
and that corrosion due to jutting cannot take place. 

5. To verify Osborne Reynolds’ law of heat transmission. 

It will first be necessary to describe the arrangements and 

construction of the experimental plant before going on to 
discuss the results obtained. A Cornish boiler was placed at 
Professor Nicolson’s disposal by Messrs. Joseph Adamson and 
Company, Ltd., of Hyde. This boiler was 6 ft. 0 in. mean inside 
diameter, and 24 ft. long. It had one internal flue of Adamson 
ring construction, 3 ft. 5 in. inside diameter. The fire grate 
area, exclusive of dead plate, was 18*1 sq. ft. 

The First Arrangement.— The first arrangement tried is 
illustrated in Fig. 1. It should be understood at the outset 
that this was not a proposal to modify Cornish or similar 
boilers to the design illustrated, but to obtain data from which 
it was hoped high-speed boilers could be readily designed, and 
for the objects mentioned above. The following description 
* Trans. Inst. Engs, and Shiphds. in Scotland, Vol. LIV, 1910-11. 
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of the apparatus and experiments up to p. 13 are largely 
quotations from Professor Nicolson’s paper. 

In this first arrangement (Fig. 1) there was placed within 
the last 10 ft. of the boiler flue ah annular water-drum which 
almost completely blocked it up, leaving only a narrow space 
1 im wide for the passage of the products of combustion. 
Helical channels only | in. wide for the circulation of water 
were arranged inside this water-drum ; and through these 
channels, water drawn from the boiler itself was forced by 
means of a small rotary pump, having a capacity of about 
4000 gallons per hour. The water entered at the front end of 



Fig. 1. — First arrangement in Professor JNicolson’s boiler experiments. 


the drum from within and was forced to pass in close contact 
with the inner surface of the outer shell by means of a casting 
which projected forward so as to leave a very narrow opening 
all round the circumference. The water, or mixed water and 
steam, after flowing through the annular space, ^ in. wide, 
between the two shells as a quadruple threaded helix of 
38|-in. pitch, was discharged from the back end of the water- 
drum by means of three outlets back into the boiler itself. The 
ordinary feed supply (from the tube economiser) also passed 
through this water-drum, being mixed with the discharge from 
the rotary pump before entering the drum. 

The “economiser” consisted of 163 vertical tubes |in. 
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outside diameter, |-in. bore, 14-ft. long, and 1^-in. pitch, 
placed inside of a 16-in. sheet steel pipe. Each tube had a 
sqtiare iron rod of |-in. vside inserted within it and passing 
through its whole length. Very narrow channels were 
thus formed for the fresh feed to travel through, so that 
its speed of circulation might be sufficiently high even when 
the feed pump was running at a slow s])eed. In this first 
arrangement the feed entered at the top, flowed downwards 
into the bottom header, and so via the water-drum into the 
boiler. The gases, after being drawn through the narrow flue 
round the water drum into a dust depositing box at the back, 
were led round and about the economiser tubes in an upward 
direction within tlie 16-in. })ipe, whicli contained the 163 (|-in.) 
tubes, and which formed a smoke-flue leading to the fan. The 
fan was 42 in. diameter over the tips, and was capable of pro- 
ducing a vacuum of 16-in. water gauge when running at 1640 
revs, per min., and discharging 10,000 cub. ft. of air per min. 
at a temperature of 300^ F. It was driven by a 50 b.h.p. 
electric motor. 

Several runs were made with the plant thus arranged, the 
first being on July 13th, 1908. The results obtained on this 
date were as follows : — 

Coal fired per liour (Rl]>l(\y s(a'(H‘nings), 1200 lb. ; being 
at the rate of 63 lb. ]X‘r liour per square foot of grate. 

Teinjjcrature of waste gases to fan, 340"' F. to 400"^ F. 

,, ,, entering feed, SO*^ F. 

,, ,, water at bottom header of economiser 

338° F. 

Draught at fan suction, 21 -in. water gauge. 

,, ,, back of water drum, 8] -in. water gauge. 

It had been hoped that the high speed of the combined feed 
and auxiliary water circulation in the spirals of the water- 
drum would sweep along the steam formed therein and prevent 
it from accumulating in the upper part of the annular water- 
drum. This hope was not realised, however, and a large 
amount of steam collected, more especially at the front end 
of the drum. The outer shell, consequently, got red hot, 
bulged, and leaked. 

It had also been expected tliat any steam that might be 
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generated in the economiser tubes would, owing to the high 
speed of flow of the forced feed circulation, be carried down 
with the water into the lower header. So long as the feed 
pump was kept going at a good speed this appeared to take 
place ; but at slow speeds of the pump the feed water remained 
stagnant in some of the feed pipes (instead of flowing steadily 
downwards in all) ; steam was generated in these, and rose 
into the top or entering feed header, and the proper operation 
of the counter-current principle was interfered with. Hence 
the temperature of the waste gases to the fan did not fall below 
that corresponding to the steam pressure (about 340° F.) ; 
and this inverted method of supplying the feed water, which 
had the advantage of delivering the gas to the fan suction by 
a very short duct (as the fan plant had to be suspended from 
the roof principals) had to be abandoned. 

The Second Arrangement. — ^l^he economiser was therefore 
turned downside up, so that the feed entered at the bottom 
and any steam formed rose to the top. At the same time, new 
gas ducts were provided so that the furnace products entered 
at the top and left at the bottom of the economiser. The water- 
drum in the flue was taken out, repaired, and replaced as 
before, but with a special steam escape pipe from the front 
top end of the water space, Fig. 1. 

This arrangement was tried on September 24th, 1908, with 
the following results : — 

Coal fired per hour (R^dcy screenings), 1300 lb., 
equivalent to 68 lb, per square foot of grate per hour. 

Temperature of gases leaving water-drum flue, 820° F. 

,, ,, gases leaving economiser, 170° F, 

,, ,, feed entering economiser, 71° F. 

,, ,, feed leaving economiser, 279° F. 

,, corresponding to a boiler pressure of 60 lb. 
per sq. in., 307° F. 

Draught at fan suction .... 23J in. 

„ ,, bottom of economiser . 23 ,, 

„ ,, top of economiser . . 7 „ 

,, ,, back of water -drum . . 6.J „ 

The remarkable rate of heat transmission from gas to water 
in way of the “ water-drum flue ’’ may here be pointed out. 
It wa<s not then possible to measure the water actually evapor^ 





H.T. ro/ac« page 7, 
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ated ; but the amount may be estimated within certain limits 
of error by the fall of temperature of the gases between furnace 
and economiser. Assuming a combustion chamber temperature 
of 3000° F. (afterwards determined by observations at similar 
rates of firing by Mr. Michael Longridge), it is clear that each 
pound of the products of combustion of assumed thermal 
capacity 0*25 B.Th.U. gave up *25 x (3000 — 832) = 542 B.Th.U. 
while passing from the brick-lined combustion chamber to 
the dust box. Taking only 14 lb. of air supplied per lb. of 
coal (1300 X 15) = 19,500 lb. of gas flowed through the drum 
flue per hour ; and gave up 19,500 x 542=10,580,000 B.Th.U. 
to the outer surface of the water-drum and the inner surface 
of the furnace flue. The combined area of these two heating 
surfaces was 228 sq. ft. Thus the average heat transmission 

must have been of the order of = 46,400 B.Th.U. 

228 

per sq. ft. per hour. This corresponds to an evaporation 
of about 48 standard units per sq. ft. per hour. 

The steam escape pipe provided to permit of the discharge 
of the very large quantity of steam formed in the drum at its 
front end was not able, however, to prevent steam from 
accumulating therein. The drum consequently again got 
overheated, and had to be abandoned. The results were, 
notwithstanding, of so encouraging a character that it was felt 
that some further attempt should be made to make use of 
the enormous rates of heat transference which the high gas 
speed in the narrow flues had shown to be possible. 

The Third Arrangement. — ^It was accordingly determined to 
remove the water-drum from the boiler flue, and substitute for 
it a brick plug 38 in. diameter and 10 ft. long, leaving a space 
of l|-in. all round between it and the (41-in.) flue, Fig. 2. 
As the gas temperature was not expected to fall below 1400° F. 
with this arrangement, it was further decided to fit a vertical 
small tube “ evaporator ’’ between the back of the plug and 
the top of the economiser. This evaporator was of the same 
design as the economiser, except that it consisted only of 102 
tubes fin. outside diameter, |-in. bore, and 12-ft. long; the 
central portion of the 16-in. containing pipe being filled up 
with a 6-in. pipe to which the gas had no access. 
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It was arranged tfiat the feed upon leaving the economiser 
should go either directly into the boiler, or go there after mixing 
with the circulating water drawn by a rotary pump from the 
boiler and forced through the tubes of |-in. bore of the evapora- 
tor, and again into the boiler, so as to accelerate the circulation 
in the same. The arrangement is shown in Fig. 2. 

The rearranged plant was first tried on January 8th, 1909, 
and the following results obtained : — 

Coal fired 840 lbs. per hour (Ripley screenings), or at the 
rate of 44*2 lbs. per sq. ft. of grate per hour. 

Temperature of gas(‘s in combustion chamber, 3000° F.* 

,, ,, gases leaving brick plug, 1200° F. 

,, ,, gases leaving evaporator, 020° F. 

,, ,, gases leaving economisia*, 140° F. 

,, ,, f(MMl entering economiser, 70° F. 

,, ,, feed leaving (‘conomiser, 270° to 340° F. 

,, corres 2 )onding to boiler pressure of 120 lb. 

per sq. in., 340° F. 

It will be observed that the waste gas temperature fell in 
this experiment to within 70° F. of that of the entering feed. 

The transmission through the heating surface in way 
of the plug flue was in this instance roughly 840 X 15 x -25 
(3000 — 1200) — 5,070, 000 B.Tli.U. per hour ; or at the 

rate of — 48,00 B.Th.U. per hour per sq. ft. of 

heating surface. No doubt some of this heat transmission 
was due to radiation from the brickwork. The heat trans- 
mission in the economiser can similarly be estimated. Here 
the mean temperature difference between gas and water was 
much less than in the plug flue, being about 200° F. only, 
instead of 1600° F. The heat transmitted was about 
12,600 X-24(620-140)==l,450,000 B.Th.U. per hour. The 
heating surface being 521 sq. ft., the amount per square 

foot of tube surface was — - — 2785 B.Th.U. per hour. 

This is as much as some boilers give as an average for the 
whole (excluding economiser) of their heating surface. The 
effect of gas speed in promoting rapidity of heat transference 


* Estimated. 
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was in this way definitely shown ; and there seemed to be a 
possibility by its use of greatly reducing the ratio of heating 
to grate surface below the usual value, without at the same 
time causing the diminution of efficiency wliich has always 
hitherto been associated with forced rates of combustion and 
evaporation in steam boilers of every type. 

It was accordingly decided to keep the boiler under steam 
for several months, and to make observations of the various 
temperatures both of the gases and feed water, and of the 
draught vacua at several points in the flues. It was also 
desirable to weigh the coal and measure the feed, and for this 
purpose tanks and a weigh scale were, after a while, made 
available. 

The principal object in continuously running this experi- 
mental plant was, of course, to ascertain on the one hand 
whether the narrow gas flues would become blocked up with 
coal dust on the outside ; and, on the other, to observe what 
would become of the sediment and gases contained in the feed 
when set free in the narrow water chainiels of the economiser 
and evaporator. 

The Gas Flues. — ^I'he long economiser tubes of ^-in. diameter 
and pitched 1 J in. from centre to centre, had been somewhat 
improperly handled, both by unequal expansion when first 
used in the inverted position and (probably) when being taken 
out, turned end for end, and replaced before the trial of 
KSeptember 24th, 1908. In some places they were too widely 
spaced, and in others they were standing packed together in 
groups. 

The natural consequence was that coal dust and soot began 
to bridge across from tube to tube, and a vacuum of even 
27 in. of water produced by the fan was latterly found to be 
insufficient to burn the required quantity of coal. 

It was therefore decided to re-tube the economiser with 
90 tubes instead of the 163 tubes, at a wider pitch, and with 
an iron pipe 6 in. diameter forming a central core to restrict 
the area of the gas passage. With such more widely pitched 
tubes of the same total length (the old tubes were reinserted) 
so low a waste gas temperature as 140° P. could no longer 
be expected ; but calculation foretold that it might be expected 
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to fall to about 220° F. On March 22nd, 1909, this re-tubing 
was completed, and on that date a trial under the new con- 
ditions was made. 

It was found that the waste gases were reduced to 190° F., 
notwithstanding the wider pitching of the tubes. This low 
gas-outlet temperature was, however, only maintained while 
the tubes were perfectly clean. It was found that, after a few 
days, a thin coating of coal dust had adhered to the tubes, 
and the average value of the outlet temperature had risen to 
240° F. 

On the trials made six months afterwards, in October, 1909, 
by Mr. Michael Longridge, after fifty days of running of the 
plant at draughts of from 15 to 20 in., the waste gas tempera- 
tures were, however, found to be of substantially the same 
value. Thus the soot film was found to have attained, as a 
permanent regime, under the scouring action of the gases, 
a thickness sufficient to prevent all corrosion of the tubes, but 
not sufficient to prevent the gases from transferring their heat 
to the metal at a much greater rate than that commonly found 
in steam boilers. 

The Water Channels.— It was also found that in the very 
narrow water spaces of the economiser (viz. those left by 
the ^-in. square rod placed inside of the |-in. bore tubes) 
there was no deposit either upon the rods or the tubes. There 
was also practically no corrosion, although Mr. Longridge 
found slight but unmistakable pitting by oxygen ” on the 
upper ends of the rods when he examined the economiser in 
October, 1909. This pitting was, however, probably due to the 
water standing in the tubes at nights when the fire was banked 
and the feed pump shut off. The upper parts of the evaporator 
tubes (of |-in. outside diameter and |-in. bore) above the level 
of the boiler water were also free of sediment, notwithstanding 
the fact that the dirty water* from the economiser had been 
passed through the evaporator on its way to the boiler during 
the whole fifty or sixty days the plant had been at work. 

Below the boiler water level, however, the evaporator tubes 
had become gradually blocked up inside with a white sediment 
which was very hard and adherent for the first foot or two 

* Tho f^ed water wa^ untreated canal water. 
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from the bottom, but soft enough to be pushed out by a 
rod between that and the water level. 

In order to understand how this occurred the arrangement 
of the plant must be looked at, as shown in Fig. 2. 

When the evaporator was fitted (in order to provide the 
additional surface necessitated by the removal of the “ water 
drum it was, in order to save expense, simply passed through 
the old ash box ” in way of the old bye-pass ; that pipe being, 
in fact, itself made use of as part of the containing pipe for 
the new evaporator. The new tubes passed vertically com- 
pletely through the ash box,” and took their water supply 
from a water-header placed below the same. 

It resulted from this that during the night, when no current 
was available to drive the circulating pump, and the feed 
donkey was also shut down, there was no circulation whatever 
through the evaporator tubes except that due to the gravity 
displacement by the boiler water of so much of the water in 
the tubes as was turned into steam and passed away into the 
boiler steam space. From 700 to 1000 lb. of coal were burnt 
during the fifteen hours of banked firing which took place on 
each of the fifty or sixty days the plant worked, and the only 
way by which the gases so produced could get to the chimney 
was by flowing around and amongst the lower ends of the 
evaporator tubes on its way to the bye-pass duct. 

The result was the choking with sediment up to the level of 
the boiler water, described above. 

The extent to which this choking of the tubes in their lower 
parts had proceeded was not realised until shortly before the 
official trials by Mr. Longridge were to take place. 

The circulating pump, which drew from the boiler and 
passed water upwards through the evaporator tubes (along 
with the fresh feed from the economiser) began (in September, 
1909) to take so much current through its armature that it 
was constantly stopping owing to the fuse blowing ; and when 
the plant was opened up to find the cause of this great hydraulic 
resistance, it was found, as already mentioned, that quite a 
number of the tubes were completely choked, that many of 
them had only a fine hole through their centres, so that, whilst 
enough remained clear to allow of the feed pump passing the 
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relatively small quantity of fresh feed into the boiler through 
the evaporator without difficulty, the rotary pump was 
opposed by a greatly restricted area for the flow of its 4000 
gallons an hour. Professor Nicolson reported this state of 
things to Mr. Longridge, and invited him to make an inspection 
of the plant, so that he might satisfy himself that the cause of 
the choking had been the boiling of the water in the pipes 
during the night when no positive circulation was possible. 

This inspection took place on 22nd September, 1909. Over- 
heating and bending of a few of the evaporator tubes was then 
found, in the case of those tubes only which had been com- 
pletely choked with sediment and which had been exposed for 
some days, or even weeks, to the; contact not only of the 
moderately hot gases at nights, but also of the ])roducts at 
1200° F. to 1500°F. which ])assed over them at high speed 
during the daytime. Notwithstanding this ill-usage, not a 
single tube gave way, nor was there any sign of leakage at the 
tube plates. The results of this experiment seem to point to 
the feasibility of using small bore tubes with thick walls to 
withstand the fierce heating action of high-speed gas at high 
temperatures when a positive circulation at moderate velocity 
is available. 

The plant was laid off for a week or two before Mr. Long- 
ridge’s trials in order to allow of the removal of as much as 
possible of the hard scale from the lower ends of the evaporator 
tubes. No cleaning of any part of the sooty outside surfaces 
of the tubes of the economiser or evaporator was attempted, 
or was, indeed, possible. 

So far as could be seen there was but little adherent matter 
on the inside of the furnace flue in way of the brick plug ; but 
whatever there might be was not scraped off, as it was not 
believed to be seriously prejudicial to heat transmission. The 
plant went, therefore, into Mr. liongridge’s hands for testing 
just as it was after fifty-one days of steaming. 

Referring again to Figs. 1 and 2 it is seen that the 
furnace and fire grate were of ordinary construction. Behind 
the fire bridge, however, a reverberatory chamber was formed 
of firebrick to promote the complete combustion of the hydro- 
carbon gases given off by the fuel. Professor Nicolson found 
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that little or no smoke was produced even at the heavy rates 
of firing adopted in his experiments, and he considered such 
an arrangement to be far preferable to the more common 
method of promoting combustion by screening the heating 
surface over the grate by means of firebrick, since the latter 
arrangement cuts off most of the radiant heat from the fire 
and thereby screens one of the most effective portions of the 
heating surface in a boiler. Professor Nicolson’s arrangement 
allowed the radiant heat from the fire to pass into the heating 
surface, and only screened a later and relatively less effective 
portion of the heating surface from contact with the gases. 

Mr. Michael Longridge made five complete tests on the boiler 
arranged as shown in Fig. 2. For the full details of Mr. 
Longridge’s report reference might be made to the 1909 report 
of the British Engine, Boiler, and Electrical Insurance Com- 
pany or to Professor Nicolson's paper on Boiler Economics 
and the Use of High Gas Speeds.’’ It is sufficient for our 
present purpose to quote only a few of the tabulated data 
and the results obtained. These are given in Table 1. 


TABLE 1 


Grate surface {exclusive of dead plate) 18-1 sq. ft. 

Heating surface : — 

Above fire-grate 41 sq.ft. 

Combustion chamber not counted as h(‘ating surface . . b „ 

Internal flue beyond combustion chamber . . . . 130 „ 

171 

Evaporator 192 ,, ,, 

Economiser 293 „ 


Total 


056 „ „ 


Sectional Area for Gas-flow ; — 

Annular passage through back part of internal flue 

Through evaporator 

Through economiser 

Sectional Area for Water-flow : — 

Through evaporator tubes 

Through economiser tubes 

Hydraulic Mean Depth on Gas Side of Tubes, w, : — 

_ X i he at- flow 

Evaporator r^gig^ance to gas- flow 

. f For heat- flow 

Economiser resistance to gas-flow 

Values of ~ : — 
m 


. about 1-7 sq.ft. 
. . 985 „ „ 

•823 „ „ 

. -0782 sq.ft. 

. -0356 „ „ 


•709 in. 
•527 „ 
•479 „ 
•375 „ 
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Evaporator (i=llft.) . 
Economiser (Z= 13-76 ft.) . 


/For he at- flow . . . 186-5 

/For resistance to gas-flow 251 
/ For heat- flow . . . 345 

^For resistance to gas- flow 441 


12 

13 

14 

Number of test 

Date of test . October, 1909 
Duration of test, . hours 

Fuel. 

Short description . 

Weight fired per hour . lbs. 

1 

12 

6-666 

Mar 

2 

13 

9-00 

ivers M 

3 

14 

9-834 

lain. 

4 

1 19 

9-085 

5 

20 

6-05 

Welsh. 

6' 

21 

6-65 

685 

688 

413 

478 

740 

737 

14a 

Weight dried fuel fired per 
hour .... lbs. 

662 6 

665 5 

.399-5 

467-6 

724-0 

721-0 

47 

Weight dried fuel fired per 
hour per sq. ft. grate lbs. 

.36-6 

36 8 

22-1 

25-8 

40-0 

39*9 

17 

Calorific value of dri<^d fuel, 
B.Th.U./lb. 

1.3,166 

1.3,166 

1.3,166 

14,929 

14,929 

14,929 

22 

Average Qas Tempera ureb. 
Leaving flues, T 4 . . °F. 

288 

279 

241 

253 

291 

294 

22a 

Entering economiser Tg '‘F. 

797 

814 

677 

689 

870 

871 

226 

Entering evaporator T 2 °F. 

1252 

1322 

1184 

1138 

1360 

1418 

22e 

In combustion chamber Tj”F. 

2162 

3000 

2000 

1945 

3000 

3000 

236 

( Weight of gases per Ib.'j 

1 dried fuel (from analy- > lbs. 


15-.39 

19-52 

20-32 

14-13 

14-66 

27 

l^sis of flue gases) J 

Draught. 

Vacuum in furnace, in. water 


0-35 

0-20 

0-18 

0-28 

0-28 j 

276 

Vacuum in dust- box, in. water 

2 75 

2-41 

1 -49 

1-80 

2-65, 

2-85 

28 

Vacuum in flue at top of 
economiser . .in. water 

8-60 

7-56 

4 80 

5-60 

8-15^ 

8-68 

29 

Vacuum in flue leaving econo- 
miser , .in. water 

19-75 

17-20 

11-30 

12 75 

18-00 

19-00 

30 

B.H.P. given by motor driv- 
ing fan . . . . 

39 8 

[34-1 

20-2 

26-4 

37-1 

36-9 

31 

Feed Water. 

Total per hour . . l]>s. 

5890 

5810 

3625 

47,30 

6980 

7040 

31a 

Equivalent from and at 
212° F. . , .lbs. 

6986 

6903 

4307 

5606 

8265 

8372 

I 

32 

Temperature oj Feed. 

To economiser, . . °F. 

74 

73 

72 

75 

77 

71 

32a 

Leaving economiser, <3 . ®F. 

284 

280 

289 

291 

288 

275 

326 

Entering evaporator from 
boiler i' ... °F. 

350 

350 

350 

350 

350 

350 

32o 

Mixtures of and enter- 

evaporator, /o . • '’F. 


334 

340 

340 

338 

342 

32(1 Leaving evaporator to boiler, 

350 

350 

350 

350 

350 

360 

33 

Steam pressure in boiler, 
lbs. sq. in, gauge 

120 

120 

120 

120 

120 

120 

53a- 

Evaporation from and at 
212° F. per sq. ft. of boiler 
and evaporator surface 
(363 sq. ft.) ... 

19-26 

19-02 

11-87 

15-44 

22*77 

23-06 
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53 Evaporation from and at 
212° P. per sq. ft. of total 
heating surface (656 sq.ft.) 

1065 

10-5 

6-56 

8-53 

12-58 

12-75 

38 Thermal efficiency of whole 
plant, per cent . 

77*4 

76*8 

791 

77-6 

73-8 

75-0 

38a Estimated net efficiency of 
whole plant, per cent , 

66-0 

66-8 

68-9 

69 1 

64-4 

661 

THeat unaccounted^ per cent 
44 4 for in heat V of heat 

[ balance J in fuel 



15-0 

11-3 

13*2 

16-0 

13-3 

Average B.Th.U. trans- 
mitted per aq.Jt. per hr. 

= H. 

Through plug flue . 


33,400 

12,200 

o 

32,400 

32,200 

Through evaporator tubes . 

— 

6850 

5130 

5480 

6550 

7530 

Through economiser tubes . 

— 

4720 

2890 

3480 

i 

5070 

5200 

Mean tempeiature diffoence 
between Gas and Water 

In plug flue . . . . 


1670 

1192 

1143 

1700 

1740 

In evaporator 

— 

685 

541 

534 

737 

761 

In economiser 

— 

345 

263 

273 

368 

379 

Average B.Th.U. trans- 
mitted per sq.Jt. per arc. 
per deg. Fah. diff. (h). 
Through plug flue . 


•00556 

•00284 

•00353 

•00530 

•00515 

Through evaporator tubes . 

— 

•00278 

•00263 

•00286 

•00247 

•00275 

Through economiser tubes . 

— 

•00381 

•00306 

•00354 

•00382 

•00382 

*Mean Velocities oj Qas, 
ft. per sec. (Vj) 

In plug flue . . . . 


104 

64 

75 

105 

110 

In evaporator 

— 

106 

75 

90 

110 

115 

In economiser 

— 

86 

60 

74 

89 

91 

Mean Densities of Qas, 
lbs. per cub. jt. (p j). 

In plug flue . . . . 


♦0178 

•0209 

•0216 

•0176 

•0173 

In evaporator 

— . 

•0279 

0304 

•0306 

•0266 

•0267 

In economiser 

— 

•0432 

•0465 

•0458 

•0419 

•0421 

*Values of — - 

a ] 

In plug flue . . . . 


1-67 

1-27 

1-55 

1-67 

1-72 

In evaporator 

— 

2-89 

2-20 

2-68 

2-88 

2-98 

In economiser 

— 

3-46 

2-65 

3-20 

3-45 

3-57 

* Values of — c. 

3600 v^pi{T-t) 

For plug flue . . . . 


•00333 

•00223 

•00228 

•00317 

•00299 

For evaporator 

— 

•00096 

•00120 

•00106 

•00086 

•00092 

For economiser 

— 

•00110 

•00115 

.00111 

•00116 

•00107 


* All these values are calculated on the assumption of clean tubes. Actually 
the tubes were covered with a layer of soot, and therefore all these values are 
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Caleulated Values of M 
f7om equation (6), p. 29 . 
For evaporator 


252 

199 

221 

281 

260 

For economiser 

— 

361 

413 

427 

344 

350 

Values ol — for 

economiser 


45-4 

28-3 

370 

54-5 

55 

Corresponding values of C2 
from Fig. si § 


•0154 

•0140 

•0147 

•0162 

•0162 

Assumed value of Cj for 
evaporator . 

— 

•03 

•03 

•03 

•03 

•03 

* Calculated Values of c^from 
equations{ 1 S)or (2 1 ), p.l48§ 
For evaporator 


•00112 

•00142 

•00130 

•00099 

•00109 

For economiser 

— 

•00171 

•00170 

•00174 

•00166 

•00161 

f Calculated Values of f' 

Jr 0771 equation (23), p. 80 § 
{No allowance jot kinetic 
energy.) 

For evaporator 


•0202 

•0240 

•0104 

•0212 

•0206 

For economiser 

— 

•0230 

•0207 

•0222 

•0230 

•0225 

X Calculated Values of f 

from equatio7i (23), p, 85 § 
{Allowa)U)e made for 
kinetic energy at inlet.) 
For evaporator 


•0157 

•0202 

•0140 

•0167 

•0160 

For economiser 

— 

•0201 

•0281 

•0104 

•0200 

•0196 


The numbers in the left-hand column of the Table 1 
refer to the number of the line in the standard form of the 
Institution of Civil Engineers || for reports of boiler tests. 
The weight of gases passing through the boiler was calculated 
from the chemical analyses of the flue gases and the coal. 
On referring to lines 53 and 53a it is seen that the rate of 
evaporation was much greater tlian obtains under ordinary 
boiler conditions, and consequently the rate of combustion 
on the grate was correspondingly high. It is generally found 


* All tli( 80 values are calculated on tin' assumption of clean tubes. Actually 
the tubes wore covered with a layer of soot, and the:efore all these values are 
purely nominal’ 

t These values of /' include the effect of end resistances and also the 
resistance duo to the increase of the kinetic energy of flow at the inlet to the 
titbes. 

X Those values of / include end j-esistances other than due to the increase 
of kinetic energy at the inlet to the tulx's. 

§ Heat Transmission by Radiation, Conduction, and Convection. 

II Proc. Inst. Civil Engs., Vol. CL and CXCV ; or Testing of Motive Power 
Engines. 
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that high rates of combustion cause excessive furnace losses, 
partly because of incomplete combustion and partly because of 
the small cinders and coal dust carried through the tubes. Line 
44 indicates how large was the heat unaccounted for, the greater 
portion of which could be ascribed to losses by cinders and 
coal dust carried through the boiler unburned, but which 
could be avoided by designing a boiler with grates sufficiently 
large to permit of a lower rate of combustion. Notwith- 
standing such losses, line 38 indicates the high thermal effi- 
ciency of the boiler under the conditions of working. These 
values, however, make no allowance for the power absorbed 
by the fan and circulating pump. 

Assuming that an engine driving these would use 20 lb. 
of steam per brake horse power per hour, and assuming that 
none of the exhaust steam is utilised for feed heating, the net 
efficiency is given in line 38a. There is no reason, however, 
why the exhaust steam from the fan engine and the other 
plant, when steam-driven, should not be utilised for feed 
heating, and in that case the thermal efficiency on line 38 
would then represent practically the net efficiency. It may 
be fairly claimed, therefore, that a high-speed boiler could 
be made to give an overall efficiency of perhaps 85% if the 
furnace losses were practically eliminated by adopting a 
moderate rate of combustion. 

Assuming that, to a first approximation, the heat trans- 
mitted per hour per sq. ft. (H) can be represented by 

H= 3600c — ' 
a, 

where is the average difference of temperature between the 
gas and the water, a comparison of the calculated values of c 
given in the table shows that those derived for the plug flue 
are considerably higher than for the evaporator and economiser. 
The reason for this is the large amount of heat radiated by the 
brickwork plug, which was white hot at the furnace end and 
more than red hot at the other end. 

The calculated rate of heat transmission, in B.Th.U. per 
sq. ft. per sec. per deg. Pahr. difference are shown plotted 
in Fig. 23, p. 47. The calculated values of M from equation 

C — H.T. I3.C.E. 
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6 and of Cj from equation 6, p. 29 are also given in the 

qjj 

Table 1. The values for were taken from Fig. 81,* 

0/2 

p. 180, for the economiser, and for the evaporator C 2 was 
assumed to be constant at -03. 

From the tabulated values of the gas pressures at the 
various points in the plant the differences of pressure, AP, 
required to force the gases through the evaporator and the 
economiser are easily calculated. It will be noted that these 
differences of pressure not only include those required to 
overcome the resistance to the flow along the tubes, but also 
include the drop of pressure required to create the kinetic 
energy of flowf at tlie inlet to the tubes, and any end losses 
at the inlet in creating the energy of flow. The character of 
the flow of gas at the outlet from each section is such that 
probably all the kinetic energy of flow at the outlet end was 
wasted. It is possible to calculate approximately the pressure 
drop required to create the kinetic energy of flow at the inlet 
in the manner described on p. 53, and if subtracted from the 
pressure difference, AP, can be taken to represent the pressure 
drop, 8P, required to overcome the resistance to flow along 
the tubes. Making use of equation 23, p. 85,* and inserting 
the various values obtained from the experiments, the values 
of /, the coefficient of resistance, are calculable. The values 
obtained are tabulated in Table 1, p. 16, the mean for the 
evaporator being /^--OIG?, and for the economiser, /==-0214, 
using the calculated pressure drop 8P. 

If it be assumed that the same equation 23, p. 85,* could 
be used by inserting the total pressure drop AP, then calcu- 
lating for the values of the mean values obtained were, for 
the evaporator /i— -0213, and for the economiser /i= -0251 . For 
these conditions Professor Nicolson gave a constant deduced 
from his previous experiments on this plant equivalent to 
/,= 013. 

All these values of / are much higher than those obtained 
in the author’s experiments on the small laboratory plant 

* Heat Transmission by Radiation, Conduction, and Convection. 

f The gases would, of course, have some velocity of flow through the end 
connections between the different parts of the plant, but the corresponding 
kinetic energy and the resistance are taken to be practically negligible. 
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given on pp. 187 and 198,* butaremorein keeping, however, with 
those shown in Fig. 73, p. 170,* in connection with the small 
boilers with tubes of small bore. It must be observed, how- 
ever, that in course of time the plant settled down to a perma- 
nent deposit of soot on the tubes of the economiser and 
evaporator and therefore the areas for gas -flow given on 

p. 13 and the deduced values of may not be the true 

values under working conditions. But no doubt one of the 
factors accounting for the high values of / in Nicolson’s experi- 
ments was the flow of the gases across the tubes at the entrance 
and at the exit. In crossing the tubes to get access to the 
inner rows the gas has to acquire an increase of kinetic energy 
at each tube row it crosses, which is nearly all lost behind 
each row, and thus this would entail an increase in the pressure 
energy corresponding to the losses of kinetic energy. This 
factor is more fully discussed on p. 54. 

Professor Nicolson reported that the outlet temperature 
of the flue gases from the economiser for continuous running 
was only some 50° F. or so higher than when the plant was 
started with clean tubes and with the same rate of evaporation. 
This would seem to suggest that the values of A, c, and Cj, 
when calculated on the nominal dimensions in such an installa- 
tion, are not altered greatly by soot on the tubes, which simply 
means that any increased resistance to the flow of heat caused 
by the deposit of soot was practically counterbalanced by the 
w 

increased values of — . It should be noted that the permanent 

deposit of a thin layer of soot on the tubes may be an advantage 
in preventing corrosion at the low temperature end of the 
economiser by condensable gases. 

Locomotive Experiments. — An extensive series of tests on 
different types of locomotives were made at the Louisiana 
Purchase Exposition, Missouri, in 1904, by a committee of 
the American Society of Mechanical Engineers and the 
American Railway Master Mechanics’ Association, acting in 
conjunction with the Pennsylvania Railroad Company. The 


♦ Heat Transmission by Radiation, Conduction, and Convection, 
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locomotives were run on a specially designed dynamometer,* 
a description of which is given in the excellent reportf issued 
by the above-mentioned company, the report also containing 
the tabulated results and a discussion of the experiments. For 
the present purpose it is not necessary to consider the engine 
part of the locomotives, so that the following description and 
discussion has reference to the boilers only. Altogether eight 
locomotives of normal types were tested, some particulars of 
which are given in Table 2 ; for a description and detail 
drawings of each locomotive reference should be made to the 
above-mentioned report. 

TABLE 2 





Working 

Boilor 

Fire Box. | 


Wi.lth 

Air 

treating 

Surface 


NuinVor 

Typo of Lcconiotivfi. 




Spaces 

of Fire- 


of Loco- 

Pressure. 

licngtli 

Width 

Orate 

between 

box (Fire 


juotivo. 


libs, per 

Inside. 

Inside. 

Aren. 

Burs. 

Side). 




sq. in. 
gauge. 

ins. 

ins. 

.S((. ft. 

ins. 

sq. ft. 



Freight. 

about 






1 

1499 

2 8 0 

200 

about 

1161 

66-0 

49-2 

1 0-69 

166-4 

2 

734 

2 8 0 

200 

about 

119.4 

40-9 

33-8 

0-69 

218-9{ 

3 

585 

2 8 0 

210 

92-4 

66-6 

49-4 

0-75 

165-7+ 



Two-cylindor 
cross compound. 

about 






4 

929 

2 10 2 

216 

104-2 

77-9 

58-4 

0-94 

216-4 



Four-cylinder 









compound. 









Passenger. 

about 






6 

2612 

4 4 2 

De Glehn 

215 

119-9 

39-7 

33-4 

0-50 

177-3 



Four -cylinder 









compound. 

about 






6 

535 

4 4 2 

Vauclain 

220 

116-4 

65-9 

48-4 

1-06 

220-3 



Four -cylinder 









compound. 

about 






7 

3000 

4 4 2 

220 

94-9 

75-0 

49-9 

0-75 

151-7+ 



Four-cylinder 








compound. 

about 






8 

5200 

4 4 2 

Two-cylinder 

' 200 

114 0 

68-0 

65 5 

0-75 

. 166-9 





simple. 



J 






* This testing plant is now installed at the Company’s works, Altoona, 
Pennsylvania. 

t Or refer to The Testing oj Motive Power Engines, p. 111. 
t Including area of arch tubes. 
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Tubes. 



Diam- 
eter on 
Fire 
Side 
rfi 

ins. 

Diam- 
eter on 
Water 
Side 
d, 

ins. 

Length. 

Hydmulie 
Mean 
Depth, 
Fire Side 
w, 

ins. 

1 

7JI, 

Num- 
ber of 
Tubes. 

Heating Surface 
of Tubes between 



Between 

Tube 

Plates. 

ins. 

Aj>prox. 

Total 

licngth. 

ins. 

For 

Ueat- 

liow. 

For 
Resist- 
ance to 
CJas- 
flow. 

i uue 

8<1 

Fire 

Side. 

ft. 

Water 

Side. 

1 

1-73 

2 

164-5 

166-5 

0-432 

380 

384 

373 

2316 

2677 

2 

1-76 

2 

178-9 

180-9 

0-44 

40G 

411 

338 

2322 

2639 

3 1 

1-76 

2 

190-4 

192-4 

0-44 

433 

437 

363 

2653 

3015 

4 j 

2-0 

2-25 

238-5 

240-5 

0-5 

477 

481 

393 

4090 

4601 

5 

* 

2-75 

176-1 

178-1 

0-325 

543 

549 

139 

2479 

1469 

6 

20 

2-25 

225-1 

227-1 

0-5 

450 

454 

273 

2682 

3017 

7 

1-75 

2 

191-3 

193-3 

0-44 

438 

442 

390 

2848 

3255 

8 

1-75 

2 ! 

179-8 

181-8 

0-44 

411 

416 

315 

2162 

2471 



Total 

Fire 

Exhaust Nozzle. 



through 
Tubes, 
sq. ft. 

Diameter. 

ins. 

Area. 

sq. in. 

Remarks. 

1 

6-09 

5-75 

26-0 

Owned by Pennsylvania Railroad Company. 
No fire-brick arch in fire-box ; rocking finger- 
grates ; no superheater. 

2 

5-71 

5-25 

21-6 

Owned by Lake Shore and Michigan Southern 
Railway Company. Fire-brick arch with 
arch tubes ; rocking grates ; no superheater. 

3 

6-13 

5-5 

i 

23-8 

Owned by the Michigan Central Railroad 
Company. Arch tubes ; rocking grates ; no 
superheater. 

4 

8-57 

6-0 

28-3 

Owned by the Atchison, Topeka, and Santa F6 
Railway System. No fire-brick arch in fire- 
box ; rocking finger-grates ; no superheater. 

6 

4-69 

variable 

max, 

43-5 

min. 

17-5 

Owned by the Pennsylvania Railroad Company. 
Fire-brick arch in fire-box ; stationary 
wrought -iron grate bars ; no superheater ; 
Serve tubes. 

6 

' 5-96 

6-76 

26-0 

Owned by the Atchison, Topeka, and Santa F6 
Railway System. No fire-brick arch in fire- 
box ; rocking finger-grates ; no superheater. 

7 

6-51 

6-625 

24-85 

Owned by the New York Central and Hudson 
River Railroad Company. Arch tubes and 
fire-brick arch in fire-box ; rocking finger- 
grates ; no superheater. 

8 

5-26 

5-625 

24-85 

Owned by the Pennsylvania Railroad Company. 
No fire-brick arch in fire-box ; rocking finger- 
grates ; no superheater. 


♦ Serve tubes, ‘076 in. thick, having eight ribs, and area of fire-aide surfapa 
in 1 in. length, 15 sq.^ins, 
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The duration of most of the tests was three hours, such a 
short period being permissible with the high rates of combustion 
usual in locomotives. The coal was of good quality but friable, 
and when the draught was strong, some of the finer particles 
were drawn through the tubes into the smoke-box. The coal 
used was carefully weighed out, and samples were taken for 
analysis. The smoke-box was cleaned out at the beginning 
and at the end of a test, and the quantity of cinders which had 
collected were weighed. A special stack was provided over the 
locomotive with a deflector and receptacle, into which the 
sparks emitted at the locomotive chimney fell. This receptacle 
was also cleaned out at the start and at the finish of a test, and 
the cinders weighed. As the force of the draught on some of 
the heavier tests carried some of the sparks out at the top of 
the special stack, it was thought necessary to make some 
estimate of the amount. These sparks fell on the roof of the 
building, and for the total period of the tests were estimated 
to weigh 97,000 lbs. It is interesting to note that the cinders 
caught in the smoke-box, and those caught in the special stack, 
altogether amounted to 53,500 lb. for the same period. As 
about 750 tons* of coal were burned, the total of cinders and 
sparks thus accounted for amounted to about 10% of the total 
weight of fuel fired. The feed- water was taken from the 
town’s mains, and treated in a water softener. The amount of 
water supplied to the injectors was weighed in special tanks, 
and any water which escaped from the injector overflow pipes 
was caught and returned to the suction tank. The quality of 
the steam generated was determined by a throttling calori- 
meter. 

The pyrometers were thermo-couples of platinum, platinum- 
rhodium wires for measuring the fire-box and smoke-box 
temperatures. As the one in the fire-box had to be withdrawn 
frequently to prevent damage during firing, it was found to be 
necessary to have the wires exposed to the flames in the fire- 
box, so as to respond quickly to the temperature. Such an 
exposure, however, made contamination of the wires possible, 
and they ultimately became brittle, but the wires were annealed 
and recalibrated when found necessary. It would be seen 
♦ In this case I ton = 2000 lbs, 




Draft gauge 
eonngct/on 



H Hollow stay bott 

PsTHole drilled through into . 

Outer end tapped for pipe ^ 

connection on left aide. extra heavy W. t. pipe screwed in. and 

4* '^2^44 :3L riveted over, on right side. 

BuHdert Dimensions 

Fire area through tubes. e‘23 Sq Ft 

Orate area 49 H ,. ,, 

External heating su^ace of tubes... ..2676 9 „ 

Heating surface of fire box. 166’5 ,, 

Total heatmg surface 2842 4 ,, 

Boiler pressure 205 Lbs 


373 Tubes. 2 inch outside diam 

Fig, 3. — General positions of draugl^t gauges and pyrometer in locomotive experiments. 



H,T. B.c.B.— To face page 23 
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afterwards that the measured fire-box temperatures are most 
likely below the true temperatures, although the pyrometer 
was inserted about midway along the fire-box length, and at a 
height of about 12 in. above the grate. 

The pyrometer in the smoke-box remained in position, and 
except for the possible influence of radiation to and from the 
relatively cold boiler tube plate, the temperatures could be 
read fairly accurately. As a check a mercurial thermometer 
was also inserted in the smoke-box, and the averages of this 
and the thermo- junction readings have been taken to represent 
the smoke-box temperatures. The outline illustration in 
Fig. 3 shows generally the positions of the instruments during 
the tests. 

The calorific value of the coal in each test was determined in 
a William Thompson type of calorimeter, which was itself 
standardised by fuels of known calorific value, as determined 
by several bomb calorimeters. 

The ultimate analysis of the dry coal gave : — 

Carbon . . 84-2% Oxygen . . 2-94% 

Hydrogen . . 4*28% Sulphur . . 0*80% 

Nitrogen . . 1-44% Ash . . . 6-34% 

100 

The approximate weight of gases passing through the 
boiler tubes in pounds per second has been calculated by the 
author for each test from the flue-gas analysis in the following 
manner, which is given here as an example : — 

T'est 806. Locomotive No. 3000. 

Dry coal fired per hour, 3129 lb. 

Calorific value of coal (gross), 15,076 B.Th.U. per lb. 

Analysis of dry flue gases : — 

Carbon dioxide, CO 2 .... 13-63% by volume. 
Carbon monoxide, CO . . . 0-10% ,, ,, 

Oxygen, Og 4-37% „ 

Nitrogen, Ng 81-9% ,, ,, 

Weight of dry gases formed per pound of coal burned 

^ per lb. coal , . . (1) 

3(CO^+CO) ^ ' 
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where COg, CO, Og, and Ng represent the proportions by volume 
of the respective gases. In the above case, 

11 X *1363 + 8 X -0437 + 7 X ‘82 

- + — - - X *842=^15*5 lb. 

3 (•1363 + -001) 

Assuming that there would be about 0*5 lb.* of water vapour 
associated with this gas, partly formed by combustion and 
partly due to the evaporated moisture from the fuel, and 
taking 0*24t as the specific heat of the dry gases, then the heat 
lost in cooling from the smoke-box temperature, 631° F., to 
atmospheric temperature, 41° P., per pound of coal burned 
would be : — 

15*5 X *24 X (631 -41) f *5 x 1346=2863 B.Th.U. 

The efficiency of the boiler in this test is 64*05%, and the 
heat lost by carbon burned to CO is about 0*4%. Allowing 
3*2% as loss by external radiation, etc., then the total remain- 
ing losses are : — 

100-(64*05 + *4 + 3*2) = 32*35%. 

If X is the percentage loss by sparks, cinders, unburned 
hydrocarbons, etc., then, with the gross calorific value of dry 
coal in this test 15,076 B.Th.U. per pound, and taking the 
loss X to be equivalent to unburned coal, 

OQfiO 

ii;+-f^(100-;r) = 32*35 
15076 

ora:=16*4%. 

Then the percentage loss by the flue gases becomes 
32*35--16*4=16% nearly. 

Again, taking the wet gases per pound of coal burned to be 
(15*5 + *5) = 16 lb., it might be taken that the weight of gases 
per pound of dry coal fired is as follows : — 

16x/100-16;4\ ^3.38ib 

\ 100 / 

Then, approximate weight of gases per second 

t^,= 13*38x ~~=11*6 lb. 

3600 

♦ With such rouglily approximate caJciJations as are here being con- 
sidered, tliis value is sufficiently accurate for the purpose in view. 

t Actually the specific heat of such gases increases to some extent with 
temperature, but the calculation is too approximate to take account of 
y€^*ying specific heat. 
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and since the total area of section of the tubes available for 
gas flow ai was 6*51 square feet, 

Then, 11-6 

6-51 

If it were taken that the coal on the grate radiated according 
to the Stefan-Boltzmann fourth power law as a black body of 
flat surface equal to the area of the grate,* that the heating 
surfaces in the fire-box absorbed the whole of these radiations, 
and that there could be little or no combustion beyond the 
fire-box, an approximate estimate of the fire-box temperature 
might be made by taking it that : — 

Heat radiated from fire 4-Heat given by gases in tubes = 
Heat received by water in boiler. Thus if Ti=fire-box 
temperature, grate area— 49-9 sq. ft., 0*25*j*— specific heat 
of gases. 


No of 


Coal tired per 
hour per s(i. ft. 
of grate lbs. 

Calculate<l furnace 
tenjjx'ratures "R 

Measured 

furnace 

teniperaturo 

Loco. 

Test. 

Sp. lit. 

Sp lit. ’275 

1499 

Ill 

27-8 

2340 

2270 

1480 

— 

101 

86-5 

2480 

2390 

1908 


1000x49-9 f/Ti4-460y /4004-460y] 13-38 X *25 

15076 X 31291 \ Tow / \~1000 ^ 15076 

(Ti-631) 

= •6405, the boiler efficiency (2) 

Inserting Ti=2740° F. makes the total -645, which is near 
enough for the purpose, seeing that some additional heat 
would be lost from the boiler surface to the atmosphere. 
Although this method of estimating furnace temperatures is 


* With bituminous coal the flames more or less fill the fire-box, thus ex- 
tending the radiating surface. Also asmall proportion of the total heat would 
be given to the fire-box surface by the direct contact of some of the gases. 
Probably, then, the true furnace temperature would be slightly lower than 
the calculated values. 

t The actual mean specific heat of the gases would probably be greater 
than this value, but the calculation is too rough to make it worth while 
taking account of variable specific heat. It is seen from the examples given 
in the following table that the mean specific heat of the gases used in 
these calculations has only a comparatively small influence on the calculated 
furnace temperatures. 



TEMPE R Afu R e -FAH o GAS PER LB - ORY COAL g FIRED LBS. 
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only approximate it is found to provide a workable basis for 
boiler calculations. 

The fire-box temperature has been calculated by the author 
in this manner for each test, and as an example of the results 


LOCO 14^ 



ai 

Fio. 4. — Temperatures in loco- 
motive boiler imder tost. 


a 



Fig. 5. — ^Temperatures in locomotive 
boiler under test. 


obtained, Figs. 4 and 5 are reproduced, referring to loco- 
motives Nos. 1499 and 734 respectively, the base line in both 

'UO 

cases being — . The measured fire-box and smoke-box 

temperatures are also shown, and it would be seen that the 
measured fire-box temperatures were certainly too low, even 
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after making all allowances for the approximate method of 
calculation. 

The large errors involved in measuring gas temperatures, 
particularly when the thermometer is more or less surrounded 
by cold surfaces, was discussed on p. 2. For this reason the 
calculated temperatures are considered to be more nearly 
correct than the measured values under the conditions of 



Fig. 6. — Rato of heat transmission and tube ollficioncy of locomotive boilers 

under test. 


operation. In some cases a firebrick arch is placed in the 
furnace of a locomotive boiler to facilitate combustion. This 
should not materially affect the calculated temperatures, for 
although the arch would absorb some heat from the bed of fuel 
and from the flames it would radiate an equivalent amount to 
the fire-box. 

It would also be noticed that the temperature of the furnace 

%I0 

increases with as does also the smoke-box temperature, 
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but it is certain that the smoke-box temperature would not 
have risen to the extent shown had the fire-box temperature 
not increased. In the same figures were also plotted the weight 
of gas formed per pound of coal fired, and, generally speaking, 

this decreased as - increased, as might be exf^ected, though in 

some cases the values were somewhat erratic. 



Fig. 7. — Values of “ M ” and “ Cj” from locomotive boiler tests. 


The rate of heat transmission through the tubes from the 
gases to the water was calculated for each test using the 
calculated fire-box temperatures T^, and the values of Wi 
obtained in the manner described. The mean difference of 
temperature between the gases and the water was taken to be 





where T^ is the smoke-box temperature, and the measured 
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steam temperature, taken to represent also the water temper- 
ature. Then the rate of heat transmission h per square foot 
of tube surface per second per degree Pahr. difference of 
temperature is 


X *25 X log^ 




(T^\ 


nr j B.Th.u. 


(4) 


A being the area of the tube surface (gas side) between the 
tube plates in square feet. 

The various values of h calculated in this manner are shown 


plotted in Fig. (> for all the tests, on the base ^ and a mean 

a I 

line is drawn among the points. It will be noted that the 

straight line fairly represents the relation between li and 

within the limits of the experiments, except that the values 
for the Serve tubesf were slightly below those obtained with 
plain tubes, as might have been anticipated from the certainty 
that the ribs of the Serve tubes would be at a higher temper- 
ature than the other portions of the tube. 

T — T 

The calculated tube efficiencies ~ are also plotted in 

1 1 

Fig. 6, showing in general the same nature as those obtained 
from the model boilers, and illustrated in Fig. 69 of Heat 
Transmission hy Radiation, Conduction, and Convection, 

Again using the expression, 


I 


m. 


=M 


(5) 

( 6 ) 


where 

Cl C 2 R ^ 

the various values of M are shown in Fig. 7. Also, using 
C2=-03, the corresponding values of Ci are also given in the 
same figure. 

The method of calculation given on pp. 24 and 25 enables 


* Here again it is not thought worth while to take into account the 
variable specific heat of the gases. The mean value is actually somewhat 
higher than *25. 

t Calculated on the surface in contact with the gas. 
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an estimate to be made of the various losses in the locomotive 
boilers. The author has calculated these as a percentage of 
the total heat of the fuel, and has illustrated the results by 
the diagrams in Figs. 8 and 9, referring to the locomotives 
Nos. 1499 and 734 respectively. 



Fig. 8 . — Data from tests on locomotive boiler 1499. 


The lines A B in both figures indicate the mean boiler 

efficiencies* on the base the dotted line to the left repre- 

a, 

senting the probable character of the efficiency curve as — ^ 

* Based on the gross calorific value of the fuel. 
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decreases below the experimental values. It will be noticed 
that the percentage loss of heat due to the formation of CO is 
rather large in locomotive No. 1499, Fig. 8, but it was found 
to be comparatively small for all the others ; in fact, similar 



Fig. 9. — Data from tests on locomotive boiler 734. 


to the values shown in Fig. 9. The outstanding feature in 
all the locomotives, however, was the large heat losses arising 
from sparks, cinders, unburnt hydrocarbons, etc., at high rates 
of working. Except for that, the boiler efficiency ought to fall 
but very little as the rate of working increases. It must also 
be noted that this loss practically vanishes in the neighbour- 
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hood of what would probably prove to be the maximum boiler 
efficiency. 

For the purposes of comparison, there are also shown, in 
Figs. 8 and 9, the weight of dry coal fired per hour per square 
foot of grate, the total equivalent evaporation per pound of 
dry coal fired, and the equivalent evaporation per square foot 
of the total boiler heating surface, expressed in pounds of 
evaporation from and at 212° F. 

Using the calculated furnace temperatures and the various 
values of the smoke-box temperatures, etc., the total heat 
transmitted to the water could be separated approximately 
into radiation from the fuel on the grate and heat-flow through 



O' \ g If -6 i a'-’ • 

F IG. IC. — IJraught in boiler Fig. 1 1. — Draught in boiler 

of locomotive 1499. of locomotive 734. 


the tubes. The various plotted points and the mean lines C D, 
in Figs. 8 and 9, illustrate the results obtained, and it is evident 
that the calculated amount of heat radiated from the fuel on 
the grate was much less than the heat transmitted through 
the boiler tubes, particularly so at the higher rates of working. 

The measured draughts in the ashpan, fire-box, and smoke- 
box, both in front of and behind the screen were obtained by 
means of U water gauges tested for accuracy of graduation 
and uniformity of bore of tubes, and the results were tabulated 
in the report mentioned on p. 20. 

Figs. 10 and 11 show the draughts in the locomotives 
Nos. 1499 and 734 respectively in the ashpit, fire-box, and 

smoke-box, plotted on the base ~ . The measured draughts 

, 

from the separate tests were too erratic to deduce values of / 
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directly, but such values were obtained from the various 
mean lines representing the draughts, as in Figs. 10 and 11. 
These various values of / are shown plotted in Pig. 27, p. 51. 

Another series of locomotive experiments might be con- 
sidered. These relate to tests* made on a consolidation type 
locomotive 958 of the Illinois Central Railroad, placed on a 
dynamometer. The principal boiler dimensions were as 
follow : — 

Length of firebox, inside .... 108*25 in. 

Width of firebox, inside . . . . 66*1 in. 

Area of grate 49*5 sq. ft. 

Heating surface of firebox . . . . 168 sq. ft. 

Number of tubes 413 

Diameter of tubes, outside .... 2 in. 

,, ,, ,, inside .... 1*734 in. 

Length between tube plates . . . 195*2 in. 

Heating surface of tubes (fire-side) . . 3094 sq. ft. 

Total heating surface (including front tube 

plate) 3283 ,, „ 

Heating surface 

Grate area 

Area for gas-flow through tubes. . . 6*77 sq. ft. 

L 450 

nil 

Full data is given in the Bulletin for each test, and the 
results have been dealt with by the writer according to the 
methods of calculation given on p. 24. The following Table 3 
illustrates the character of the values obtained for the boiler 
efficiency and for the various losses of heat. 


TABLE 3 


Coal 
ft rod 

per hour 
per sq. ft. 
of grate, 
lbs. 

Boiler 
eftlcieucy, 
per cent, 
(bused on 
gross calo- 
rittc value 
of coal) 

liOss by 
Hue gases, 
per cent. 

Calculate! 1 
loss by 
cinders, 
spaiks, 
hydro- 
carbons, 
etc., 

per cent. 

Measured 

furnace 

teniiieia- 

tures 

(by optical 
pyrometer; 

•F. 

Calculated 

furnace 

tempera- 

tures 

“F. 

.Smoke- 

box 

tempera- 

tures 

“F. 

.steam 

tempera- 

ture 

“F. 

39-9 

66-9 

24-8 

4*3 

1407 

1400 

507 

387 

95 

56-7 

20 

19-3 

1597 

1760 

595 

387 

158 

46-4 

16-1 

32-8 

1785 

2000 

675 

386 

224 

38-8 

13*0 

43 

. 

2180 

703 

i 

386 


* Bulletin No. 82, Engineering Experiment Station, Univ. of Illinois, U.S.A. 
D — H.T. B.C E. 
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The calculated values of the rate of heat transmission h are 
shown plotted in Fig. 12 on the base and on comparing 

ai 

with the similar values in Fig. 6, p. 27, it would be seen 
that, on the whole, the values of h from Fig. 12 are slightly 



Fig. 12. — Rate of heat transmission and tube efficiency in Univ. 
of Illinois locomotive experiments. 

below those from Fig. 6. The estimated tube efficiency is 
also plotted in Fig. 12 along with the calculated values of M 
and Cl derived from equations 6 and 6, p. 29, again using *03 
as the value for Cg. 

Tests on a Normand Boiler. — series of tests made on a 
Normand water-tube boiler by Messrs. W. T. Ray and H. 
Kreisinger is described in Bulletin 403 of the U.S.A. Geological 


TUBE EFFT PER CENT 
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Survey.* The boiler was of the usual Normand design, and is 
illustrated in Fig. 13, from which it is seen that the gases were 
baffled by the outer rows of tubes so as to conduct the gases 
across the tubes from the rear of the furnace towards the front. 
Special arrangements were made and reasonable precautions 



SeCTtOI^ ON A>B 

C 



LONGITUDINAL SECTION THROUGH BOILER 

Fig. 13. — Normand type of water-tube boiler tested 
by Ray and Kreisinger. 


taken to measure the weight of coal fired, the water evaporated, 
the dryness fraction of the steam, furnace and uptake tempera- 
tures, composition of fuel and gases, etc. A special arrange- 
ment was also adopted to catch a certain proportion of the 
sparks passing through the uptakes, but it was found that the 

* “ Comparative Tests of Run-of-Mine and Briquetted Coal on the Tor- 
pedo-Boat Biddle,*^ 1909. 
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quantity of sparks thus accounted for in no way corresponded 
with the amount of heat unaccounted for in the heat balance. 
The following dimensions are given in the Bulletin : — 


Diameter of steam drum, in. . . . 


354 

Length of steam drum, in 


150 

Diameter of bottom drums, in. . 


10-75 

Length of bottom drums, in. . . . 


141*75 

Diameter of downcomers, in. . 


10-75 

Number of tubes 


1552 

Outside diameter of tubes, in. . 



Approximate length of tubes, in. 


75*5 

Total heating surface, sq. ft. . . . 


2776 

Length of furnace, ft 


9-16 

Width of furnace, ft 


6 4 

Height of furnace from grate to steam drum, ft. . 

4*65 

Approximate combustion space above grate. 

cu. ft. . 

136 

Distance from front of furnace to opening 

among 


tubes, ft. 

5*5 

Length of bars, in 


37*5 

Average width of grate bars on top, in. . 


•375 

Average width of air spaces in grate, in. . 


•56 

Air spaces in grate (approximate), per cent 


55 

Area of grate, sq. ft 


58*6 

Ratio of combustion space to grate area . 


2*33 


The whole boiler and furnace were enclosed in a cast-iron 
casing, which was lined with fire-brick at the front and rear of 
the combustion chamber, and with sheet asbestos along the 
nests of tubes. The gas temperature in the uptake was 
measured by a platinum, platinum-rhodium thermo-couple. 
The furnace temperature was measured with a Wanner optical 
pyrometer,* and for this purpose a hole l|-in. diameter was 
drilled in the furnace casing at the back of the boiler and about 
3 ft. above the grate, the pyrometer being sighted on the 
furnace through this hole. 

The boiler worked on the closed stokehold system, the air 
being supplied by a fan. Gas pressures were measured on all 
tests at the base of the stack, over the fuel bed, and in the 
ashpit, and were recorded in the report. 

In some of the tests coal was used, and in others large and 

* Refer to p. 84 of The Measurement of Steady and Fluctuating Tempera^ 
turea for a description of this type of pyrometer. 
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small briquets were burned, made from the same class of coal 
as was used in the other tests mentioned. The fuel was 
analysed for each test, and varied only slightly in composition 



Fig. 14. — Temperatures in Normand water- 
tube boiler under test. 


between the various tests. For the coal in the first test, the 
following composition was given : — 

Composition of Dry Coal. 

Carbon . . 82-58% Nitrogen . 1-46% 

Hydrogen . 4-66% Ash . . 6-66% 

Oxygen . . 5-10% 
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Calorific value of dry coal (gross) 14,845 B.Th.U. per pound. 
From the tabulated results the author has calculated the 
weight of the gases per second by the methods illustrated 
in the calculations on p. 24. Furnace temperatures were also 



calculated by the method shown on p. 25. These values are 
plotted in Fig, 14, as well as the measured furnace and uptake 
temperatures, and it is seen that the measured furnace tempera- 
tures were probably from about 400° F. to about 800° F. too 
high. In succeeding calculations the calculated furnace 
temperatures have been used. Here, again, there is an evident 
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rise of the furnace temperature as the rate of working increased, 
which caused, it is certain, a part of the rise shown in the up- 
take temperature. The weight of gases formed per pound of 
dry coal fired is also shown in Fig. 14, and is found to be 
somewhat erratic. 

Calculations have also been made of the various losses, and 
these, along with boiler efficiencies,* have been plotted in 



Fig. 16. — Rate of heat transmission and tube 
efficiency of Normand water -tube boiler 
under test. 


Fig. 15. Here, again, it is seen that the losses due to sparks, 
hydrocarbons, ashes, etc., must have been large, although the 
amount of heat lost externally to the atmosphere by radiation, 
etc., may have been larger than is indicated in Fig. 16. The 
loss by the formation of CO is practically negligible. The 
mean line CTD indicates the relation between the calcu- 
lated amount of heat given to the boiler by radiation from 

* Based on the gross calorific value of the fueh 
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the fuel on the grate, and the amount given by the gases in 
passing among the tubes. 

In the same figure is also shown the weight of dry coal fired 
per hour per sq. ft. of grate, as well as the total equivalent 
evaporation from and at 212° P. per pound of dry coal fired, 
and the equivalent evaporation per sq. ft. of total heating 



Fig. 17. — Values of “M” and “ Ci,” from 
Normand water -tube boiler under test. 


surface per hour. On the base line is shown the approximate 

values of ^ where was roughly calculated as the average 

area in sq. ft. available for the flow of the gases among the 
tubes. 

In Fig. 16 the calculated values of the rate of heat trans- 
mission h are shown plotted, calculated from the expression 4 
on p. 29. These values of h may be compared with the 

♦ Refer to ^p. 76 for an example of the method used for finding the 
average value of o7* 
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corresponding results from the air heater shown in Fig. 75, 
p. 173 of Heat Transmission by Radiation, Conduction, and Con- 
vection ; and it will be seen that the latter come out somewhat 
higher than in Fig. 16 ; but in both cases the values obtained 



signify that the rate of heat transmission with the gas-flow 
across tubes set zigzag is much greater than when the flow 


occurs through plain tubes. The tube efficiencies 




are 


also shown in the same figure. 

Assuming the average length of the path of the gases among 
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the tubes I to be equal to the length of the furnace, values of M 
in the equation 










are plotted in Fig. 17. Again, using the value for 
C2=-03 in 

Cj O2 -tw p 


the calculated values of are also given in Fig. 17. 

The measured pressures in the ashpit, furnace and at the 
base of the stack are shown plotted in Fig. 18. 

Tests on a Heine Boiler. — A very large number of complete 
boiler tests made on different water-tube boilers by Messrs. 
L. P. Breckenridge, H. Kreisinger, and W. T. Ray, are recorded 
in Bulletin 23,* issued by the Bureau of Mines, Washington. 
A few of these tests have been selected by the author where 
one class of coal was burned at different rates under a Heine 
water-tube boiler. This boiler is shown in Fig. 1 9, and in the 
tests to be considered the coal was fired by an underfeed stoker. 
The principal dimensions of the boiler were as lollows : — 


Length of steam drum, ft 

Inside diameter of drum, in 42 

Number of tubes 116 

Internal diameter of tubes, in 3*26 

External diameter of tubes, in 3*50 

Water-heating surface of tubes, sq. ft. . . . 1897 

Total water-heating surface, sq. ft 2031 


Length of furnace from front wall to bridge wall, ft. 6-3 
Width of furnace between side walls, ft. . . .6*2 

Cross-sectional area between tubes a^, sq. ft. . . 11-2 


The bottom row of tubes were enclosed in C-shaped tiles for 
their entire length, except for 30 inches in the rear of the boiler, 
where an opening was left to admit the gases round the tubes. 
A similar opening was left in the baffle on the top row of tubes 
at the front of the boiler to allow the gases to leave the tubes, 
which then flowed under the drum to the uptake at the back 
of the boiler ; this opening was 18 inches long. Induced 


* '‘Steaming Tests on Coals, and Belated Investigations,” September, 
■>904, to December. 1908. 
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draught was used, produced by a fan placed between the up- 
take and the chimney stack. 

The duration of each test was about nine hours, and the coal 
and water were measured as accurately as possible, as well as 
the dryness fraction of the steam. The calorific value and 
composition of the coal in each test was determined, small 
differences only arising between the different tests here dealt 
with. The gross calorific value of the dry coal would average 
about 15,000 B.Th.U. per pound, and the average composition 
of the coal was as follows : — 

Carbon • . 84*4% Nitrogen . . 1*43% 

Hydrogen . 4*73% Sulphur . . 0*95% 

Oxygen . . 3-30% Ash . . . 5-21% 

Elaborate provision was made for collecting an average 
sample of the flue gases in the boiler uptake. 

The uptake temperature of the gases was measured with 
the thermometer bulb inside the arrangement for collecting an 
average sample of the gases, and thus it was practically screened 
from external radiation. In the calculations which follow it 
has been taken that the temperature of the gases leaving the 
tubes would be about 30® F. higher than in the uptake. The 
furnace temperature was measured with a Wanner optical 
pyrometer. 

The author has estimated the weight of gases flowing per 
second by the methods explained on p. 24, and also calcu- 
lated the furnace temperatures according to the principles 
explained on p. 25. In this case, however, these estimates of 
furnace temperature were likely to be too low, because they 
were based on the assumption that the radiation from the fire 
was completely absorbed by the cold tube surfaces, whereas, 
in this case the bottom row of tubes was enclosed in firebrick, 
the surface of which would have a somewhat higher tempera- 
ture than that of the tubes, and would also reflect some of the 
heat radiations emanating from the fuel on the grate. 

These various temperatures are shown plotted on the base 

— in Fig. 20. It would be seen that the measured furnace 
temperatures were probably not far from the correct values 
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in these experiments, but in the following calculations the 
calculated furnace temperature has been used. The weight of 
gases formed per pound of dry coal fired is also shown in the 
same figure, and it would be noted that these values are very 
erratic. 



Fig. 20. — Temperatures in Heine water -tube 
boiler under test. 


The boiler efficiencies* are shown plotted in Fig. 21, and 
the mean line A B drawn in, along with the various calculated 
heat losses. It is evident that, whilst the heat lost by the flue 
gases leaving the boiler was large, that lost by sparks, hydro- 
carbons, etc., could not have been very appreciable. On the 

* Based on the gross calorific value of the fuel 
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same base in Fig. 21 are also shown the weights of dry coal 
fired per hour, the total equivalent evaporation from and at 
212° F. per pound of dry coal fired, and the equivalent evapor- 
ation per square foot of total boiler heating surface per hour, 
as well as the measuredjdraught in the^furnace and the uptake. 



Using the calculated furnace temperatures, the rate of heat 
transmission h through the tubes between the gases and the 
water are plotted in Fig. 22, the calculations being made 
according to the equation 4, p. 29. The calculated tube 
efficiencies are also shown in this figure, and it would be seen 
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that these efficiencies are somewhat low in value > particularly 
at the higher rates of working. 


B.Th.Uls PER Sp. FT. PER SEC. PER ®FAH. 



The value of the hydraulic mean depth mi was also calcu- 
lated, and M obtained for each test by using the equation 5, 
p. 29. These values are plotted in Fig. 22, as also are the 
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corresponding values of Cj calculated after inserting tjie value 
for C2==’03 in equation 6, p. 29. 

The mean lines representing the rates of heat transmission 
for most of the boiler experiments considered are collected 
together in Fig. 23, and for comparison the corresponding 
curves of rates of heat transmission are reproduced for the 



0 Nicolson-Longridge (Flue with firebrick plug). Wi for heat-fiow 1*9 in. Mean gas temp. 
1500 to 2100° F. 

X Nicolson-Longridge (Evaporator), m^ for heat-flow 0-709 in. Mean gas temp. 860 to 1060° F. 
^ Nicolson-Longridge (Economiser), for heat-flow 0-479 in. Mean gas temp. 430 to 540° F. 

1. Eoyds. m, for heat-flow 0-248 in. Mean gas temp. 330 to 390“ F. 

2. Itoyds and Campbell, for heat-flow 0-248 in. Mean gas temp. 300 to 430° F. 

3. Boyds. Wi for heat-flow 0-64 in. Mean gas temp 550° F. 

4. Josse. m, for heat-flow 0-226 in. Mean gas temp. 100 to 140° F. 

6. Nusselt. Wi for heat-flow 0-217 in. Mean gas temp. 90° F. 

6. Jordan, m, for heat-flow 0-1265 in. to 0-492 in. Mean gas temp. 200 to 590° F. 

7. Small boilers, for heat- flow 0-044 In. to 0-0732 in. Mean gas temp. 320 to 1000° F. 

8. Bell. Wr for heat-flow 0-5 in. Mean gas temp. 1200° F. 

9. Loco-boilers, m, for heat-flow 0-325 in. to 0-5 in. Mean gas temp. 900 to 1400° F. 

10. Normand water-tube boiler, wii for heat-flow 0-72 in. Mean gas temp. 1150 to 1500° F. 

11. Heine, w, for heat-flow 1-4 in. Mean gas temp. 900 to 1300° F. 


small plant considered in Chapter IV of Heat Transmission by 
Radiation, Conduction, and Convectim. The plotted points shown 
in this figure were derived by the author from the tests made 
by Mr. Longridge on Dr. Nicolson’s experimental boiler. The 
circular points refer to the plug flue, and show relatively high 
values, the probable reason being that the gases lost a certain 
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amount of heat to the firebrick plug which radiated the heat 
to the colder surrounding surfaces. The points shown as 
crosses refer to the evaporator, and the triangles to the 
results obtained from the economiser. In these two cases it 
would be seen that the points agree fairly well with most of 
the other experiments considered. 

It may be stated, therefore, that notwithstanding the 
approximate nature of the boiler calculations, the results 



Fio. 24. — Values of M from equation 5, p. 29. 

obtained from the several boilers agree fairly well with the 
experiments made on the various small apparatus, and that, 
whilst the rate of heat transmission h between the gases and 
water does not appear to be infiuenced greatly by the tempera- 
ture of the gases, it would seem that the diameter of the tubes, 
or the hydraulic mean depth of the gas passage, has an 
appreciable influence. 

From the various mean lines in Fig. 23 there is every 
indication that the rate of heat transmission h tends towards 

a value not far from zero as the value of — approaches zero. 

ai 

There is also reason to believe that the gradual curvature of 
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some of these lines is due to the smoothness of the tubes used. 
With rough tubes it is likely that the line of heat transmission 

xo 

would remain nearly straight until near to the zero value of — , 

ai 

when it would probably drop very rapidly to nearly zero. 

Another factor affecting the curvature of the lines in Fig. 23 
is the slight rise of the tube temperature as the rate of heat 
transmission increases. 

For purposes of comparison the various mean lines repre- 
senting the calculated values of M in equation 5, p. 29, 



Fia, 25. — Furnace loss in relation to rate of firing. 


are reproduced in Fig. 24. Whilst these lines appear to give 
widely different values of M, a fairly large variation in the 
value of M does not usually affect the calculated fluid tempera- 
tures to any large extent. 

Finally, it may be stated that the results of the boiler 
experiments plainly indicate that one of the most important 
problems affecting the efficiency of boilers at high rates of 
working is the efficient combustion of the fuel. 

The late Professor J. T. Nicolson* proposed that the furnace 
losses due to incomplete combustion, loss of fuel, etc., could 
be represented approximately by, 

B.Th.U. lost per lb. coal fired— 50 F. 


* Trans. Inst. Engs, and Shipbds. in Scotland^ Vol. LIV, 1910-11. 
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where F is the rate of combustion in lbs. of coal per sq. ft. 
of grate per hour. This equation was based upon the results 
shown in Fig. 25. It is seen that some of the points in this 
figure lie very wide of the mean line, and the equation can 
only be taken as a rough general approximation. Nor is it 
likely that these results in Fig. 25 were derived by the 
author’s method on p. 24. 

From the results shown plotted in Fig. 26 Professor Nicolson 



Fig. 26. — Air supply per pound of coal and rate of firing. 


also proposed that the air supply A per lb. of coal fired in 
ordinary furnaces could be expressed approximately by, 

A=^^ + 9 lb. per lb. coal fired. 

F 

Here again it is obvious from the graph that the actual 
value of A might be widely different from the value given by 
the above formula, and in any case it is hardly likely that 
the plotted values are deduced according to the methods 
used by the author on p. 24. 

Theory suggests that the rate of combustion in a firebrick 
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furnace is only limited by the rate at which air can be supplied 
to the furnace and intimately mixed with the burning fuel 
before the gases come into contact with cold surfaces. This 
was confirmed by experiments made by Professor A. L. 
Mellanby on an oil-fired firebrick combustion chamber at 



0 1 2 3 

at 

Fig. 27. — Coefficient of resistance /i and rate of gas flow. 


the works of Messrs. Scotts’ Shipbuilding and Engineering 
Co. Ltd., Greenock. The inside dimensions of the chamber 
were 18 in. x 18 in. x4 ft. 6 in. long. A firebrick bridge was 
built about one foot high at about two-thirds along the length, 
and behind this was arranged a refractory tube closed at the 
inner end into which a Eery radiation pyrometer was sighted 
to measure furnace temperatures. The oil burners used were 
of the Wallsend-Howden type supplied with heated heavy 
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oil under pressure, the specific gravity of the oil at 69® F. 
being 0-906. A water-cooled sampling pipe was arranged to 
project into the combustion chamber for the withdrawal of 
samples of the gases from the front, middle, and back during 
each test. 

The most important data from these experiments are given 
in the following table. The second and third tests shown in 
the table wore made with a firebrick grid in the combustion 
chamber and it is seen that about 22 lbs. of oil per hour were 
burned efficiently per cubic foot of chamber volume, with 
only a moderate amount of excess air supplied. This is a much 
higher rate of combustion than is sometimes assumed to be 
possible in such a furnace. 


Oil i)reHaure. Iba. h(i. lo. 

Oil temperature, “F 

Furnace temperature, “F. .. 
Oil per hour, ll»H. 

Oil per hr. per eu. ft., 11)H. . . 

ir)2 

2910 

144-5 

10-1 

140 

125 

3000 

145-4 

16-2 

100 

119 

3180 

198-5 

22 

Composition of (jasea { O 2 
Vco 

Front 

Middle 

10-02 

3-22 

1-08 

Back 

Front 

Middle 

Back 

Front 

Middle 

Back 

11-57 

1-24 

12-65 j 
2-83 1 
0-70 j 

7-6 

1-6 

6-5 

1-76 

0 

13-3 

1-54 

1-10 

5-46 

8-91 

2-3 

5‘58 

7-83 

2-82 

12-0 

4-6 

0 

llruniirkH . . 

- 


- j 

Very 

dirty 

V cry 
dirty 

Dirty 

Dirty 

Clear 

Clear 



Firebrick Krid in combustion chamber. 


Flow of Gas through Boiler Tubes and the Coefficient of 
Resistance. — By the method illustrated in Fig. 82, p. 181 oiHeat 
Transynission hy Radiation, Conduction, and Convection, the 
writer attempted to determine the values of the coefficient of 
resistance to the gas flow, /, for thot various boilers discussed 
from pp. 2 to 47 ; but in each case the plotted points lay in 
such erratic positions as to prevent any really useful values of / 
being obtained and an alternative method was adopted. For 
each boiler the draughts or gas pressures were plotted on a base 
w 

— as in Figs. 10 and 11, and smooth curves drawn in. For 
definite values of ~ the drop of pressure through the tubes 

aj 

were then obtained from the curves and tabulated. The corre- 
sponding inlet and outlet gas temperatures were also tabulated 
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from the curves in Figs. 4 and 5. At each particular 

XV 

value of — use was made of the equations, 


Px AP 


and also, 


AP=SP+- 


64-4 nil \ 

i 

64-4piV Ui/ 


^ 53-2 


mi P \ai/ 64*4piVai/ 


where the various symbols have the significance stated on 

I A 

p. 18. The values of — were calculated and a small 

mi Uj 

addition made, if necessary, to allow for the enclosing walls. 
The various values of /i and / obtained are shown plotted in 


Figs. 27 and 28 respectively on the base Except for loco. 

(Xx 

5266, for which boiler the measured draughts were extremely 
erratic, the locomotive boilers gave quite low values of /, 
and are similar to the values of / derived from the author’s 
experiments. 



Fig. 28. — Coefficient of resistance / and rate of gas flow 
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The derived values of and / for the Nicolson-Longridge 
tests, and also for the Normand boiler and the Heine boiler 
previously described, are also shown plotted in Figs. 27 and 
28 respectively. In all three cases the gases were in contact 
with the outside of the tubes and the water was inside, and 
the values of / are seen to be much greater than for the author’s 
experiments and for the locomotive boilers, where the gases were 
in contact with the inside of the tubes. 
The probable reason for these differences, 
however, is seen when the conditions 
are considered. In the Normand type 
of boiler, for instance, the gases flow 
almost directly across tubes set diagon- 
ally as illustrated in Fig. 29. Consider- 
Fia. 29.— Flow of gases j^g the two streams A and B it will 
across tu es, noted that these will acquire a 

maximum velocity at the narrowest cross-section, say A and B 
respectively, and that immediately after passing these sections 
a sudden enlargement occurs and the two streams impinge on 
each other, with the probable result that a large portion of 
the kinetic energy of the streams at A and B will be lost by 
shock, and intense eddying motions will be set up in the space 
between the tubes C, D, and E. A similar action then takes 
place as the gases flow between the tubes D and E and also at 
each row of tubes from inlet to outlet. To produce the increase 
of kinetic energy at each passage between the tubes requires 
a corresponding amount of pressure energy, and it is not 
surprising to And, therefore, that the apparent coefficient of 
resistance / is much greater than for the flow through a smooth 
tube. In the Nicolson boiler and in the Heine boiler, although 
the gases flow along the length of the tubes, it is obvious that 
they must also flow across the tubes to some extent at both 
the inlet and the outlet, and therefore much the same action 
as is described above would occur at these places. No doubt 
this accounts to some extent for the apparently large value 
of / for the Nicolson experimental boiler. 

Relation between the Amount of Fuel Fired and the Rate 
of Evaporation in Boilers. — ^It is obvious from a consideration 
of Figs. 8 and 9 that, within certain limits, the weight of 





EQUtVALENr EVAPORATION PER HOUR FROM AND AT 2Kt •P 
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the products of combustion, lb. per sec., increases with the 
amount of fuel fired into a boiler furnace. Also the amount 



Fig. 50. — ^Relation between evaporation and coal fired in boilers. 

of water evaporated increases with the rate of heat trans- 
mission. Thus it would be expected that the evaporation per 
hour when plotted against the weight of fuel fired per hour 
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would give curves similar in character to those given in 
Fig. 23. That this is so is shown by the results of the boiler 
tests previously considered plotted in Fig. 30. Here the 
evaporation in lbs. per hour from and at 212^ F. is plotted 
against the weight of dry fuel fired per hour for the locomotive 
tests and for the tests on the Normand and the Heine water- 
tube boilers. It is also obvious that similar curves would be 
obtained for these boilers if the evaporation per hour per 
square foot of heating surface were plotted against the weight 
of fuel fired per hour per square foot of grate, except that 
these curves would lie more distinctly apart according to the 
relative values of the ratio of the heating surface to the grate 
area. 

The Influence of Boiler Scale on the Efficiency. — ^There are 
few reliable boiler tests available demonstrating the influence 
of scale on the boiler efficiency. Some experimenters from a 
few isolated tests have found comparatively little loss of 
efficiency due to scale, whilst others again have apparently 
noted an appreciable loss. It is somewhat difficult, however, 
to make deductions from a few isolated experiments on 
boilers, because there are so many incidental sources of error 
in boiler experiments which may completely vitiate the 
results. An extensive series of experiments, however, have 
been made by E. C. Schmidt* on locomotive boilers extending 
over several years. Briefly stated his conclusions were that 
the loss of heat transmission due to scale | in. thick may vary 
in individual cases from insignificant amounts to as much 
as 12% ; the loss increasing somewhat with the thickness, but 
not directly as the thickness. The mechanical structure of 
the scale has a greater influence on the loss than the thickness, 
and chemical composition has no influence except in so far as 
it affects the structure of the scale. 

It does not follow, however, that the efficiency of a boiler 
is affected to anything like the extent of 12%. A reference 
to example IV, p. 85, shows that the probable influej^ce of a 
j-^-in. scale on the rate of heat transmission, A, for a loco- 
motive type of boiler working at a high rate is to reduce it 
from the value, say, *003 to *00275, or a reduction of about 

* Railroad Vol. 33, p. 408. University of Illinois, Bulletin No. 11. 
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8-3% ; but the efficiency of the boiler is only reduced by 
about 1 %. Similarly, for a boiler working at a low rate the 
value of h was reduced from -00115 to -00111 or a reduction 
of 3-5%, whilst the efficiency of the boiler was estimated to 
fall only 0-7%. In any case, the influence of boiler scale is 
likely to be greater the higher the rate of working. 

Fans and Blowers. — ^To operate boilers at high rates of 
evaporation it is generally necessary to adopt forced or induced 
draught, produced by means of fans, blowers, or steam jets. 
There are certain fundamental laws relating to fans and 
blowers of the centrifugal type which are sometimes useful 




ABSOLUTE VOLUME 

Fig. 31. — Area represents work done by fan or blower. 


in estimating the performance of such plant. When operating 
under given conditions as regards the external resistances to 
the flow of the air or gases, the following relations hold 
approximately over a fairly large range for a given fan or 
blower. 

1. The quantity of air discharged varies as the speed of 
rotation. 

2. The pressure produced varies as the square of the speed. 

3. The power required varies as the cube of the speed. 

4. In a series of fans of the same type, having similar 
dimensions, same blade or vane angles, and rotating with the 
same blade-tip speeds under similar conditions of external 
resistance, the power required and the quantity of air dis- 
charged vary as the square of the linear dimensions. 

Referring to Fig. 31 if the law of compression is PV"= 
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constant, where P is the pressure, V the volume, and n a 
constant, then the work done, W, on the gases per lb. is given 

by 



where tj is the absolute temperature at inlet. 



T 


For one pound of gas c=53*2 nearly with ft., lb., deg. Pah. 
units. 

For a single stage fan or blower under ordinary conditions 
of operation it is evident from Fig. 31 that this work W may 
be approximately estimated by 

(3) 


For example, with an induced draught fan compressing gases 
at 600® P. from 13*7 to 14*7 lb. per sq. in., and taking n==l*4. 

By equation 1 ,W= ^ x 53-2 x (500 + 460) ( ( - 


IV 13-7;! 


•286 


Now, — 


= 3545 ft. lb. per lb. gases. 

= 26 cub. ft. per lb. nearly. 


V 2 +V 3 53-2x960 


14-2x144 


Thus, by equation 3 

W=(14-7-~13-7)xl44x25 
= 3595 ft. lb. per lb. gases, 

which is sufficiently near the other value to justify the approxi- 
mation. 

It is outside the scope of the present work to discuss the 
design of fans and blowers. For information on these matters 
reference may be made to standard works on this subject. 
The following are mentioned for the guidance of the reader : — 


The Fan, by C. H. Innes. 

Mechanical Draft, by Sturtevant. 

Boiler Draught, by H. K. Pratt. 

Paper on “ Design and Testing of Centrifugal Fans,’’ by 
Heenan and Gilbert. Proc. Inst, Civil Engs-^ Vpl, CXXIII, 
p. 279. 
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Paper on Turbo-Blowers and Compressors,’’ by Guy and 
Jones. Proc. South Wales Institute of Engineers, January 18th, 


1916. 


Paper on Centrifugal Blowers for High Pressures,” by 
H. P. Schmidt. Jour, Amer, Soc, Mech. Engs., Vol. 34. 

The methods of testing fans and blowers are discussed in 
The Testing of Motive Power Engines, by R. Royds. 

Chimneys. — ^The draught produced by an ordinary chimney 
is due to the difference of density between the gases inside the 
chimney and the air outside. For an adequate treatment of 
this subject reference may be made to Chimney Design and 
Theory, by W. W. Christie, and Boiler Draught, by H. K. Pratt. 

There is one point, however, which deserves further mention, 
and that is, vertical boiler tubes carrying hot gases have a 
greater chimney action than with the same tubes set hori- 
zontally. For example, with vertical tubes 8 ft. long, mean 
temperature of gases in tubes 1400^ F., and atmospheric 
temperature 60° F., and taking the gases in the tubes to be 
air at atmospheric pressure, 14*7 lb. sq. in. abs. 

14*7 X 144 1 

Average density inside tubes = X - - 

^ (1400 + 460) 53*2 

= •0214 lb. per cub. ft. 

£ X * J A I860 

„ „ of outside air =*0214 x 

620 


= •0765 lb. per cub. ft. 

Pressure due to difference of density =(-0765 — -0214) x 8 

in column of 8 ft. , ^ 

= *441 lb. per sq. ft. 

or, = -441 X -085 in. water. 
5-2 


Assuming that the gases would leave horizontal tubes at, 
say, 500° F. and enter the chimney at this temperature, the 
density in the first 8 ft. of chimney would be, at atmospheric 


pressure, -0214 x 


1860 


•0415 lb. per cub. ft. 


(500 + 460) 

Corresponding pressure difference^ (-0765 — *0415) x 8 
due to column of 8 ft. 

= -28 lb. per sq. ft. 

*28 

or, s= = -064 in, water. 
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Therefore, the vertical tubes would induce a draught of 
about (-085 — *054) = *031 in. water more than if the tubes were 
horizontal. 

To Estimate the Dew Point Temperature for Flue Gases. — 

When a gas containing water vapour is cooled below the dew 
point some of the moisture in the gas condenses. Condensation 
sometimes occurs on the cold tube surfaces of a flue gas 
economiser, and as this is liable to cause corrosion it should 
be avoided whenever possible by arranging to have the feed 
water inlet temperature higher than the dew point of the flue 
gases. As an example consider the flue gases from an oil-fired 
furnace. 

Flue gases per lb. oil 21 lb. ; and water vapour 1*2 lb., 
1*2 

or, =*057 lb. per lb. gases, leaving (1 — *057) — *943 lb. non- 
2 1 

condensable gases. 

Let the total gas pressure P^=:-P^^+P^=2020 Ib. per sq. ft. 
where, P^— pressure of non-condensable gases, and P^ that 
of the water vapour. If f F. is the dew point temperature, 
and V the volume of *943 lb. gases at the dew j^oint, then, taking 
the gases to be the same density as air at the same pressure 
and temperature, 

P V 

-^=-53*2 X *943 
^ f 460 

But V-- volume of *05711). water vapour also, and taking 
V to be 15*5 cub. ft, for a trial calculation. 

15*5 

Then, — *-==:272 cub. ft. per lb., and from steam tables 
*057 ^ 

F., P^— 178 lb. sq. ft., leaving Pa=1842 lb. sq. ft. 

Therefore, X 569—15*48 cub. ft. 

1842 

Thus, it may be assumed that and the feed 

water inlet to the economiser in this case would not be below 
this temperature if condensation on the tubes is to be avoided. 

EXAMPLES 

To illustrate the application of the experimental data to 
certain problems in the transmission of heat the following 
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examples have been worked out for specified conditions of 
operation. It would be understood, however, that no claim 
is made that the calculations were absolutely precise at all 
points, and in any case, accurate calculation is hardly neces- 
sary because it would be impossible in practice to control the 
actual working conditions always in exact accordance with 
those specified. 

Example I. — The exhaust gases from a Diesel engine are 
required to raise steam in a boiler having 1-in. tubes through 
which the gases pass. An economiser is also to be used to heat 
the feed water, having 1-in. tubes through which the gases 
pass after leaving the boiler. The following particulars are 
specified : B.H.P. of Diesel engine 500 ; oil used per B.H.P. 
hour -47 lb. ; exhaust gas temperature at engine 700° F. ; 
weight of gases per lb. of oil burned 30 lb., having a mean 
specific heat -25.* Steam temperature 350° F. ; gas inlet at 
boiler 650° F. ; outlet from boiler 420° F. ; feed temperature 
to economiser 60° F., heated to 320° F. with counter current 
flow. Gas pressures above atmosphere. — At boiler inlet 6 in. 
water, at boiler outlet 3 in. water, and at economiser outlet 
atmospheric pressure. 

To calculate the probable area of heating surface required, 
and the length and number of tubes required in both boiler 
and the economiser. 


Dry saturated steam per hour=~ 


™452 lb., say, 450 lb. 


Boiler Section. 

....... . 500 X *47 X 30 , . . „ 

Weight of gases per second — — 1*96 lb. 

Heat lost by gases per second— 1*96 x -25 (650- 420) 

-llSB.Th.U. 

113x3600 
900 

For a first approximation equation 5, p. 29, may be used. 
That is, -=M log, 

mi 

I ,, , 650-350 

or, --=Mlog, 

A ^^ 420-350 

and taking M to be 200 to 250, say, 225. 

* The true mean specific heat would probably be a little greater than *26. 
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Then, Z X 225 x log^ 4-3. 

= 6*83 ft. 

If AP=total drop of pressure through boiler, lb. per sq. ft. 
SP=pressure drop due to resistance of tubes, lb. per 
sq. ft. 

SPi— pressure drop to produce kinetic energy at inlet, 
lb. per sq. ft. 

8Po= pressure loss at inlet. 

Then, if there is no recovery at the tube outlet, 

AP=SP + 8Pi+8Po nearly. 

Now, taking/, the coefficient of resistance, to be *006, say, 

by equation 


rru ^‘^*2 T 6-83x48 

Then, 8P=-006x X-X X 

64-4 P i 


(;)' 


23, p. 85 of Heat Transmission by Radiation, Conduction, and 
Convection. 

T=— +460=995° F. abs. 


P==2120 lb. sq. in. abs. 

Thus, SP=-762^py lb. sq. ft. 

8Pi— ^ ^^Mb. sq.ft. 

^ 64-4 ^ 

= ‘ ('“’■Vi lb. sq.ft. 

6*.4V<.,y p, 

SPq = ^ } lb. sq. ft., say 

64-4Vai; p. 


Then, SPj + SP, 


^ 1-5 /m^iV 

* 64-4pA«i/ 


lb. sq. ft. 


Ci)’ 


1 ^ 53 . 2 .._ 63 ^ 50 ± 460 ) 
p, P, 2120 ^ V i'l' ^ 

Then,SP.+SP.=^x53.2x^x 

= -(»“■)* 

AP=(6-3) 6-2 lb. sq. ft. 

=(•762 + -65) 
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i|)’ 

> ^=,Y^^pi^=3-32lb. per sec. per sq.ft. 


Since 1 -96 lb. per sec. 

then a, — — — = '591 sq. ft. 

* 3-32 

*591 

Thus, number of tubes of 1 in. bore= - 108. 

•785 xP 


Total heating surface 


144 

= 108 X --X 6-83 sq. ft. 
12 

= 193 sq.ft. 


As a check, from Fig. 23 take -0037 for ^—3*32. 


Mean difference of temj)erature= 


650-420 


loge 


230 


650-350 log, 4-3 
420 ^350 

= 158“ F. 


Then, •0037x158x193—113 B.Th.U. per sec. 
which is the value calculated on p. 61. 

113 

Heat-flow per sq. ft. per hour — — ^ X 3600 — 2110 B.Th.U. 
Economiser Section with Counter Current Flow. 

Heat supplied at economiser per second=^^|||^ (320-60) 

= 32-5 B.Th.U. 

Then, 1-96 x *25 x (420-0 = 32-5 

or, t=354:^¥, 

that is, the exit temperature of the gases is 354° P. 

Now, mean temperature difference= ^^- 

loge 


194 


-1-077 


294 
= 180“F. 


If number of 1-in. tubes of length I ft. 
l7r^^n=tuhe area, sq. ft. 
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Then, h= B.Th.U. sq. ft. sec. °F. diflE. 

ISOxwxiXW 

A • .^T, 53-2 847 I /tViY 

® 64-4 2120 A \aJ 


A • .^T, 53-2 847 I /tv,Y 

^gain, 8P= -006 x X x — X I — I 

® 64-4 2120 \aj 

= 0951 sq. ft. 

8Pi + 8Po=<^+^®Y“’‘)' lb. sq. ft. 

64-4p \ai/ 


1-5 , 880 

— X53-2X 

(i4-4 2121 


(80 

120 Vo,/ 


(::)’ 


lb. sq. ft. 


AP==:3x 5-2= 15-6 




•095/ + -515 Ib.sq-ft. 


Either ^ could be chosen, or the length I determined 
a I 

approximately, as on p. 61. 

^IV 

If 4-7 is chosen to suit, 


3 X 5-2 

Then, = 095M -515 

22-1 

1= =2-0 ft. 


Taking /i=^-0045 at -J=4-7 from Fig. 23 

•0045— X ^ ^^l^gg 

180X7rx2X7i 

Total heating surface=77 x ^^x ^2 X 2— 40*3 sq. ft. 

XT , 32*^5x3600 

Heat-now per sq. ft. per hour— — 

=-2900 B.Th.U. 

Retarders might be inserted in the boiler tubes to increase 
the rate of heat transmission and thereby reduce the necessary 
length of the tubes. The method of calculation would be the 
same as that adopted in Example IV. p. 82. 

Example II. — High Speed Boiler with Flow of Gases along 
Tubes. — Evaporation 50,000 lb. per hour dry saturated 
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steam ; steam pressure 260 lb. sq. in. gauge (temperature 
406° F.). Feed temperature to economiser 220° F., heated 
to 380° F., and entering evaporator section at this tempera- 
ture. Flue gases to leave economiser at 500° F. with atmo- 
spheric temperature 60° F. 

Oil fired firebrick furnace with air supply 40% in excess of 



Fig. 32. — Diagrammatic representation of 
high speed boiler with gas flow along 
length of tubes. 


theoretical amount required. Lower calorific value of oil 
18,350 B.Th.U. per lb. ; composition of oil, carbon 86'6, 
hydrogen 12*8%. 

Evaporator tubes, f in. outside diameter, ^ in, inside, 
pitched diagonally 1 in. 

Economiser tubes ^ in. outside diameter, J in. inside, 
pitched diagonally f in. 

F— H.T. B.C.E 
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Chosen values of I ^ evaporator | lb. gases per sec. per 

1 4 for economiser j sq. ft. cross-section. 

Gases flow along length of outside of tubes, with water 
inside the tubes flowing in the counter current direction. 
Induced draught by turbine-driven fan exhausting into feed 
heater. 

The sketch arrangement of the proposed boiler in Fig. 32 
is only intended to assist in fixing our ideas with respect 
to the following calculations and is not necessarily drawn to 
scale. 

Air theoretically required per lb. oil for complete com- 


bustion=i^|^ X *865 + 8 x •1281=14*6 lb. nearly. 
23 1 2 J 


Air supplied per lb. oil=14*5 x l*4=20-3 lb. 

Gases per lb. oil =20*3 + 1 = 21*3 lb. 

Composition of these gases by weight for complete com- 
bustion. 


44 

Carbon-dioxide (COo) — X *865=3*16 lb. 
' 12 


Water vapour (HjO) =9X’128 =l'15lb. 


Nitrogen (N^) 


77 

= — X weight of oxygen used. 
23 

77/32 .3,^,8 , 

=— I — x3*16+ XM5 
23\44 9 


) 


= 1115 lb. 

Excess air = 14-5 x •4=6-8 lb. 

Percentage composition by weight 


C02=— X 100=14-9, H20=— X 100=6-4 
* 21-3 * 21-3 

N. X 100=62-4, Excess air=— x 100=27-3. 

* 21-3 ’ 21-3 


Probable mean specific heat between furnace temperature 
and atmospheric temperature, 

C02=-25, H20=*5, N2=*26, air *255. 

Mean specific heat of gases 

= *26 x *149 + *064 x *5 + *624 x -26 + *273 X *266= *27. 

If T= furnace temperature, ®F, then, neglecting all external 
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losses* and assuming complete combustion without any 
appreciable amount of dissociation.t 

•27x21*3x(T-70)=18350 

T=3270° P4 

where the air temperature near furnace is assumed to be 
about 70° F. 

Heat required per lb. steam from water at 220°F.=1014 
B.Th.U. 

Heat required per sec.= — ^ X 1014 

^ ^ 3600 

= 14100 B.Th.U. 

Probable boiler efficiency, allowing a loss of 5% by radia- 
tion, etc., 

21*3 X -25 (500-60) 

= •822. 

Then, Oil per sec. x 18,350 x -822=14,100 
or, Oil per sec. = -935 lb. 
and. Gases per sec.=t(;i=-935 x21-3=19-9 lb. 


Economiser Section 

w 


a 


1 ^ 1^*^ >4 nrr £a. 

^=4, or, ==4‘97 sq. ft. 

I 4 4 


Ji =-004 B.Th.U., sq. ft., sec., deg. Fahr. (from Fig. 23, p. 47), 
Taking specific heat of gases -25, and allowing 5% loss. 

Then, 19-9 x -25 (T -600)=^^*^^ X (380-220) X--= 

' ’ 3600 -96 -95 

or, T=970°F. 


* No doubt some heat would be lost externally by the furnace, the amount 
depending upon the furnace arrangements. If, for example, the furnace were 
surroimded by an air jacket through which the air passed on its way to the 
furnace, the net loss of heat would probably be comparatively small. 

t Up to the highest temperatiues here discussed the dissociation in 
ordinary furnaces is very small and practically negligible. The laws of 
dissociation are fully discussed in Thermodynamics of Technical Qas Reactions 
by F. Haber. 

t Since the mean specific heat of furnace gases is only known approxi- 
mately at high temperatures, the calculated temperature is imcertain to that 
extent. No allowance has t^refore been made for any external loss of heat 
or for the small amotmt of dissociation mentioned previously. Most likely 
the true furnace temperature would be slightly below this calculated value. 
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Mean difference of _ (970— 380)— (500— 220) 


temperature 


log, 


970-380 


= 415°F. 


600-220 


Then, -004 x415 xAi=2224 
2224 

or, Ai= =1340 sq. ft. tube surface. 

•004x415 ^ 

I Aj 1340 - u X 

— ^ _J= — = 270 for heat flow. 

4*97 


m 



Referring to Fig. 33. 

If n= number of tubes. 

29= pitch of tubes. 

outside diameter of 
tubes. 

ai=area for flow of gas. 
Then, ai=??|*866 | 

X •5‘"j 


4-97x144 

n = = 2455 

•292 


■D X A ttX ' 5x2455x1 

But Ai=7rrfiZ??= =1340 




12 

1340x12 


= 4-2 ft. 


TT X -5 X 2455 
Assuming 16 rows of tubes, 

2455 

Then, number of tubes per row= = 153 

16 

Width of each row =153 x -75=115 in. 

Economiser Draught. 

Let -i- = 286, say, allowing for surface of enclosing walls. 

mi 

P=2000 lb. sq. ft., say. 

^^970-f^ g0=ii96-=> F. 

2 

/*=-02. 

♦ This value of J used in conjunction with the nominal dimensions allows 
for the thin permanent layer of soot wliich would adhere to the tubes. 
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Neglecting energy losses at inlet to the tubes and assuming 
kinetic energy of flow at outlet to be all lost, 

Then, AP=-02 x— ^ x286x X42+ 

64-4 2000 64-4 

But -l=53-2x 38 cub. ft. per lb. nearly. 

Pi 2000 ^ 

AP=45*2 + 9-5 — 54*7 lb. sq. ft., or 10*5 in. water. 
Evaporator Section. 

Gas temperatures, inlet 3270° F, outlet 970° F. 


a, 


::3, /i==-0028, say. 


Wi 19-9 

— — — =b-63 sq. ft. 

3 

Heat to water per see. — X 8o0=ll,800 B.Th.U. 
^ 3600 


= 12,000 B.Th.U., say. 


Mean difference of tomperaturc= 


3270-970 


log, 


3270-406 

970-406 


:1412° F. 


Then, -0028 X 1412 xAi= 12000 

. 12000 
or, Ai 


3040 sq. ft. 


0028x1412 

I Ai 3040 A Ko £ I 4. 43 
— =458 for heat-now. 

6-63 

a =6'63= — f -866 x l^— ’I' x - 6252 } 
^ 144i 4 J 

6-63 X 144 , 

or, n— ^ — = 1705 tubes. 


•56 


But Ai=3040=7r X 


•625 

U 


xno^xi. 


or, Z= 10-9 ft. 

If there are 15 rows of tubes, 
Then, 122^=114 tubes per row. 
And, width of row=114 in. 
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Evaporator Draught. 

Again, 

X 470 X X 3>+ 1 * X 


1 


where, 


64-4 2050 

P=2050 lb. sq. ft., say. 

I 


64*4 pi 


= 470 


nit 


or. 


1 =63-2 X (3^70 +460) g nearly. 

Pi 2100 ^ ^ 

AP=62-l + 13-2 =75-31b. per sq.ft. 

76-3 


5-2 


:] 4*5 in. of water. 


Total draught = 10*5 + 1 4-5= 25 in. water, neglecting the 
small draught in the furnace. 

At the induced draught fan the temperature of the gases 
would be 500® F. and the mean pressure about 2040 lb. per sq. ft. 

Volume gases per lb. = 53*2 x = 25 cub. ft. nearly. 


Volume per min. =25 x 19*9 x 60 cub. ft. 

Workf per min. on gases =25 x 19*9 x 60 x 25 x 5*2 ft. lb. 

„ ^ 25x19*9x60x25x5*2 

Horse power spent on gases= 

^ ^ ^ 33,000 


= 117 


Assuming a fan efficiency of *6 

117 

Shaft horse power = — = 1 95. 


An efficient steam turbine exhausting into a feed heater 
might use, say, 30 to 35 lb. of high-pressure steam per S.H.P. 
per hour, and taking a mean of 32*5 lb., and assuming each lb. 
of steam would give about 1000 B.Th.U. to the heater. 

Then, Steam used by turbine per hour= 195 x 32*5 

= 6340 lb. 


* The coefficient of friction *016 when used in conjunction with the 
nominal dimensions allows for the permanent thin layer of soot which would 
adhere to the tubes. 

t This method of calculation is sufficiently accurate for the estimation of 
fan power. 
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If <=rise of temperature of feed water in heater, 

6340 X 1000 = 50,000 X< 

or, 

50,000 

Thus, supposing the feed entering the heater had a tempera- 
ture of 88° F., the feed temperature would be raised to 88 + 
127=215° F. by the turbine exhaust. 

Total steam per hour per sq. ft. J 16-45 lb. actual, or, 14-4 lb. 

evaporator heating surface =1 from and at 212° F. 

Total steam per hour per sq. ft. j 11-4 lb. actual, or, 11-9 lb. 

total heating surface = | from and at 2 1 2° F. 

Available steam from boiler =50,000 — 6340 

= 43,660 lb. per hour. 

Same Boiler Working at other Loads. — Having determined 
the boiler dimensions for the specified conditions in the 
previous calculations it is desirable to ascertain what the 
temperature conditions and boiler efficiencies are likely to be 
at other loads. As an example consider the boiler working at 
about half the previous load. For a first approximation 

assume the furnace temperature about 3100° F.; ~-i=2 

for economiser and 1-5 for evaporator ; feed temperature to 
economise about 135° F. Same steam pressure 250 lb. sq. in. 
gauge. 


Evaporator Section. 

19-9 


9-95 lb. per sec. 


If T 2 ° F.= temperature of gases leaving evaporator. 

Heat lost by gases=9-95 x -25 x (3100 —Tg) B.Th.U. per sec. 
where the specific heat -25 is taken at this low value to allow 
for external losses. 


Again, mean difference of temperature = 

log. 


3100 -Ta 
^( 7^6 
T2-4O6 ’ 


At— =1-6, ^=-00185 approximately. 

«! 

Thus, heat gained by water='00186 x 3040xmean temp, 
diff. °F., B.Th.U. per sec. 
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By trial it was found that Tg^GOO® F. suits these equations, 
and inserting this value, then, 

9-95 X -25 X (8100-690) -=6000 B.Th.U. per sec. 

3100-690 

and, -00185 x 3040 x ==6010 

, 3100 — 406 

690-406 

Taking the feed temperature to the evaporator to be about 
280^ F. 

Then, 6000= W x 953, where W=steam in lb. per sec. 

W= 6-29 lb. per sec. 

or, W= 22,600 lb. of steam per hour. 


Economiser Section. — Assumed feed temperature about 
135° F. for a first approximation. 

— =2, and A = -0024 approximately. 

ai 

By trial it is found that the gases would leave at about 
325° F. and the feed water leave at about 280° F. 

Thus, mean difference of_ (690— 280) — (325 — 135) 
temperature ~ 


log, 


690-280 


325-135 

= 286° F. 

Then, -0024x1340x286 =919 B.Th.U. per sec. 

and, 9-95 X *25 X (690-325) =907 
Therefore, say, 910 = 6-29 (^g — 135) 
or, ^ 2 = 280 °F. 

that is, the water leaves the economiser at 280° F. 


The draught required is nearly proportional to 


Ci)’ 


25 

Therefore, /\P=— = 6-25 in. of water nearly, 
4 


Volume gases per lb. at fan=53-2 x 


(325 + 460) 


Fan horse power 


2100 

= 19-9 cub. ft. nearly. 

6-25 X 5-2 X 19-9 X 9-95 X 60 


33000 


= 11-7 

and, taking the fan efficiency -6, 



THE TRANSMISSION OF HEAT IN BOILERS 73 


Shaft horse power 


11*7 

•6 ‘ 


:19-5. 


With steam consumption at, say, 50 lb. per shaft horse power, 
and if each lb. of steam carries 1000 B.Th.U. to the feed 
heater, then, 

Steam used per hour by turbine= 19-5 x 50=975 lb. and, 
975 X 1000 = 22,600 X (^2“^) 

or, ^ 2 — P. nearly. 

Assuming again that is about 88° F., the feed temperature 
(fg) leaving the heater becomes, 

88 + 43=131° F. 

Available steam from boiler= 22,600 — 975 

= 21,625 lb. per hour. 

The boiler efficiency at half load may be estimated in the 
following manner : — 

Leta;=oil burned per sec. in furnace, lb. 

,, t/=flue gases per lb. oil, lb. 

,, 21 = boiler efficiency. 

Then, a:?/=9*95 lb. gases per sec. 

.96-!^= ? .5,5_.00361j,. 

18,350 


where 5% is allowed for external losses. 

22 600 

Also, a: X 18,350 X 2 := — — X 1097 B.Th.U. per sec. 
3600 


or, 


9*95 

— X 18350 X (-95 --003612/) 

y 


22600 X 1097 
3600 


2/=231b. 

This seems a reasonable sort of value compared with 21*3 lb. 
under the full load conditions. 


Again, x= 


9-95 


•432 lb. oil per sec. 


and, z= -95 — *00361 x 23 

= •867. 

Returning to the furnace conditions, where 1’ is furnace 
temperature, 


23 X -27 X(T -70)= 18,350 
or, T=3030°F. 
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Originally it was assumed for a first approximation that 
the furnace temperature would probably be about 3100® F., 
which is seen to have been about 70° F. too high. If it were 
thought necessary these calculations might be modified by 
taking the furnace temperature to be about 3000° F. as a 
second and more accurate approximation. A little experience 
with calculations of the above nature soon enables one to 
adjust unknown factors in the calculations to suit the con- 
ditions. 

It is further interesting to note in what manner the boiler 
dimensions have to be altered to cool the flue gases to various 
temperatures at the economiser outlet when evaporating a 



Fig. 34. — Mean areajfor flow ofjfgases across tubes. 


given weight of water. Calculations have been made by the 
author similar to those from pp. 67 to 71, but with the flue 
gases leaving the economiser at 400° F. and also at 600° F. 
For purpose of comparison the principal results are tabulated 
in Table 4. 

Example III. — High Speed Boiler having the Flow of Gas 
across the Tubes and the Water inside the Tubes. 

Particulars. — ^The particulars given for the boiler considered 
in Example II, p. 64, will suffice for the present purpose, 

except that — — 1-5 will be taken both for the evaporator and 
(^1 , • . 
the economiser, and that the outside diameter of the tubes is 
1 in., spaced as indicated in Fig. 34, having a length of tube 6 ft. 


Total Evaporation, lbs. 
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♦ With forced draught the power required by the fan would only be about one -half these values, being, in 
fact, nearly proportional to the absolute volume, and therefore to the absolute temperature, of the gMes 
passing through the fan. 
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When the flow of the gases occurs across the tubes the 
value of the area available for the flow of the gases, is 



Fia. 35. — Diagrammatic representation of high-speed boiler with 
gas-flow across the tubes. 


somewhat uncertain and can only be stated approximately. 
Ill calculations of this character the author usually estimates 
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the average value of in the manner shown in Fig. 34. 
With radius OjA of one-half the diagonal pitch O 1 O 2 , the arc 
AB is drawn, and also from a point X the arc CDE is drawn. 
The arc AB is then divided into a suitable number of equal 
parts and radial lines drawn from Oj. The average width 
between the tube and the arc CDE along these radial lines is 
then estimated and this, when multiplied by length of tube, 
is taken to represent approximately the area available for 
the flow of the gas round this side of one tube. For this 
particular case the area per tube becomes (•ffx6) = *44 
sq. ft. 

The sketch arrangement shown in Fig. 35 is intended to 
illustrate one possible design for the conditions here specified. 
Other arrangements are possible ; for example, the boiler 
shown in Fig. 32 might be arranged with baffles to direct the 
gas-flow backwards and forwards across the tubes, instead of 
allowing the gases to flow lengthwise along the tubes. 

Economiser Section. — ^The calculations relating to the 
economiser are complicated by the rise of temperature of the 
water which necessarily occurs along the length of each tube. 
With the feed water inlet 220° F. and the mean outlet tempera- 
ture 380° F. it will be taken, for a first approximation, that 
the mean water temperatures are 320° F. at the gas inlet and 
270° F. at the gas outlet. The mean temperature difference 
can be approximately estimated by the usual expression. 

Mean difference— — — 

, ^ 970-320 

500-270 

= 403° F. 

Taking A. = *0027. 

Then, -0027 X 403 xAi= 2224 

or, Ai=2040 sq. ft. 

Since — =1*5, 

ai 

and ^(;i=19-9 (as in •Example II). 

1 QQ 

Then, ai= ==13*25 sq. ft. 

^ 1-5 ^ 
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With n tubes per row and length of tube 6 ft., 

(ri--5)x •44=13*25 
1 3*25 

or, n= + *6=30*6, say, 31. 

•44 

The -5 allows for one tube in each row being placed close 
to the enclosing wall. If the two outer tubes on each side 
are brought into line to form the enclosing walls it would be 
necessary to add two extra tubes in each row for this purpose. 

No. of rows X 31 X 6 x tt x =2040 
or, No. of rows =42. 

Total number of tubes = 31 x 42 

= 1300. 

With the spacing shown in Pig. 34 the overall length of the 
economiser section of tubes would be about 3 ft. 6 in. 

The following method of calculation can be used to check 
the mean temperatures of the water assumed at the outset. 
Thus, taking the weight of feed water passing through each 
tube to be the same. 

Water per tube per sec.= — — X — L. = .0107 lb. 

^ ^ 3600 1300 

TT 

Surface of each tube = 6 x — = 1 *57 sq . ft. 

12 ^ 

Then, at gas inlet end, 

•0027 X (970 — 320) X 1*57= -0107 xtemp. rise, 
or. Rise of temp. =257° F. 

Therefore, temperature at top of tube=220 +257=477° F. 

But the steam temperature being 406° P., the temperature 
of the water would not exceed 406° F., and therefore a certain 
amount of steam would be generated in the first few rows of 
tubes, being afterwards condensed by the colder water from 
the other tubes. The average of 477° F. and 220° P. is 348-5 °P. 
and in view of the above remarks a mean water temperature 
of 320° P. is a likely value for the first row of tubes. 

Similarly, at the gas outlet end, 

•0027 X (500-270) x 1-57 =-0107 >^temp. rise, 

or, Temp, rise =91° F. 

Mean temperature of water = 220 + ^ = 266 °P. 

As it is hardly likely that each tube would carry exactly 
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the same amount of feed water this value is sufficiently near 
the 270° F. originally assumed to justify the original estimate. 

XU) 

Evaporator Section.— -With —==1-6, the value of h may 

ai 

be taken -0028, and the calculations are practically the same 
as for Example II, p. 69. 

Thus, mean difference of temperature=1412° F. 

•0028 X 1412 X Ai= 12,000 

or, Ai =3040 sq. ft. 

With length of tube 6 ft., and «!= 13-26 sq. ft. 

No. of tubes per row =31 


No. of rows 

No. of tubes 
and. 

Length of tube section 
Economiser Draught . — — 
Taking f— -045. 


31 


3040 
X 12 X TT 


=62-6, say, 63. 


= 31 X 63= 1950 


= 5 ft. 3 in. 

_Ai_ 2040 _ 164, or, say, 160 | 
~ ^ 13 - 25 ~with enclosing walls] 


AP=-045x — X 160 x^^X 1-62 Xl-62 
64-4 2100 64-4 


where, 1195° F. is mean absolute temperature, 

2100 lb. sq. ft. is mean absolute pressure, 

36 is the approximate volume in cub. ft. per lb. gases 
at inlet to economiser. 


AP=7*61+L26=8-9 lb. sq. ft. 


or, 


8*9 

= 1*71 m. water. 

6-2 


Evaporator Draught. ^ =^^^=229*5, or, say, 240 with 

TTii 13*25 


enclosing walls. 

With/= *045 

AP= -045 X — X 240 X X 1 -62 
64-4 2100 


94-5, 


1-62 


=21-8-f3-3=26-l lb. sq. ft. 
25*1 

or, = 4*83 in. water. 

5*2 
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Total draught=l*714-4*83=6*54 in., or, say, 7 in. water. 
Fan Power. — At 500° F. the volume per lb. gases is about 
25 cub. ft. and with induced draught, 

„ 7 X 5-2 X 19-9x25x60 ... 

Horse power= = 32-9 

^ 33,000 


and, assuming as fan efficiency *6, 

V Sha/t horse power— ^^=55. 

- ♦' Taking 35 lb. of steam used per shaft horse power per hour by 
the fan turbine. 

Then, steam used per hour= 35 x 55=1925 lb. 

Rise of temperature at feed heater=— ^ ^^^^=38*5° F. 

^ 50,000 


If the feed to the heater had the temperature of the air 
pump discharge, say, 88° P., the temperature at the outlet 
from the heater would be 88 + 38-5= 126*5° P. Originally the 
feed temperature at the economiser inlet was taken at 220° P., 
and if no other auxiliary steam were available for heating the 
feed the calculations could be modified to suit the feed tempera- 
ture 126-5° F. 

The rate of heat transmission in the boilers shown in Figs. 32 
and 35 might be increased by inserting strips of metal among 
the tubes in the manner represented in Fig. 36. The 
resistance offered to the flow of the gases would, of course, 
be increased also, and, unless the introduction of such sfcrips 
of metal was justified by the probable reduction of the space 
occupied by the boiler, their use hardly seems desirable. 

Example IV. — This example refers to a boiler of the loco- 
motive type, working at a high rate of evaporation, uiider the 
following specified conditions : — 

Evaporation per hour 20,000 lb. of dry saturated steam at 
200 lb. per sq. in. gauge (temperature 388° F.) ; feed temperature 
(from feed heater) 200° F. ; atmospheric temperature 60° F. ; 
coal fired per sq. ft. of grate per hour 1201b. ; efficiency of 
boiler 54% with a smoke-box temperature of 600° F. ; lower 
calorific value of coal 13,500 B.Th.U. per lb. ; gases per lb. 

77) 

of coal 11 lb., -J=r.2-5. 
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Case 1 — Plain tubes 1*75 in. outside and 1*53 in. inside 
diameter, with smoke-box temperatures ; A 600° F.\ B 700° F., 
and C 800° F. 


Case 2 — With straight retarders inserted in the same 
diameter tubes, and with the same smoke-box temperatures, 
referred to as D, E, and F respectively. q 





O O cfi: 


OOOO 


OOOO 


OOOO 


OOOO 


Fig. 36. — Radiating surfaces among boiler tubes. 


Case 1, with smoke-box temperature 600° F. 

A i 1031 x20,000 „ 

Coal fired per hour™ — =2830 lb. 


Area of grate 
Gas per second 


•54x13,500 

= — = 23-6 sq.ft. 

120 ^ 

2830 ,, 

X 11==8’65 lb. 


3600 

~?_^ = 3.40 gq ft. 

2*5 ^ 

If number of tubes. 

71 X *785x1*532 ^ 

Then, ~ = 3*46, 

144 

or, n=270 tubes. 

Let Ti=: furnace temperature, °F. 

G— H.T. B.C.K. 
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Then, according to the method of calculation discussed on 
p. 25, 

+8.66X .25 : 

3600lV 1000 / V 1000 / / 


iX 


^Ti- 600 ^ 


1031x20,000 


3600 
=6730 B.Th.U. 

By trial it was found that Ti=2760° F. solves this equation, 

and thus, 2750-600 

Mean difference of temperature= — 892^^ F. 

. 2750-388 

'600-388 

Taking A — *003, and letting A=-area of tube-heating surface, 
Then, -003 x 892 x A-- 8-65 x -25 x (2750 - 600), 
or. A— 1740 sq.ft. 

If Z— length of tubes, ft. 

270 X TT X 1*53 xZ 


12 


a 740 


or, Z=:16‘lft. 

Similar calculations were made with the smoke-box tempera- 
tures 700° F. and 800° F., and the whole of the results are 
given in lines A, B, and C in Table 5. 

In Table 5 the lines D, E, and F give the estimated values 
when using straight retarders, and these are respectively com- 
parable to lines A, B, and C. To obtain these values, use was 
made of equations 1, 2, and 3 of p. 196* to estimate the 
rate of heat transmission at the two ends of the tube, and the 
average was taken. A reference to column 9 of Table 22 * 
shows that this calculated value could be increased by at least 
16%. Thus in example D the radiation from the retarder was 
estimated to increase the value of h from -003 to -0038. In- 
creasing this by 15% of -003 gives *0038 + -15 x *003= *0043. 
The calculation of the heating surface and length of tubes then 
proceeds as in the detailed example above. 

The results of another example is given in Table 5 referring 
to a boiler working at a low rate of evaporation, under the 
following conditions : — 

Evaporation per hour 5000 lb. of dry saturated steam at 


* Heat Transmission by Radiation, Conduction, and Convection. 
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REMARKS. 


No retar* 

> ders in 
use. 

Straight re- 
> tar ders in 
tubes. 

is, 
II i 

Straight re- 
> tarders in 
tubes. 




r > 

' ' 1 


f ^ 


Probable 

boiler 

efficiency. 

per cent. 

<M O 
»o »0 iO 

<M O 

»0 lO 

0 CO 

I> t- CD 

0 © 

t> 0 © 

CO 

Reduction 
in length ol 
bojler due 
to straight 
retarders. 

Ft. 

1 1 1 

JO CO 

1"' 

rH CJS cq 

ID CO CO 


reduction of 
e after adding 
of retarders. 

Percentage 
of Col. 7. 

1 1 1 

8*9 of 7a 
8*4 of 7b 
8*5 of 7c 

1 1 1 

bO.D JJi 

I'** i> r- 

*0 *0 *0 

f—t © © 

C35 GO ob 

- 

1 c3 

o' 

1 1 1 

154 

127 

116 

1 1 1 

© CO © 

(M © <M 

CO <M 

0 

ction of tube- 
surlace due to 
jht retarders. 

Percentage 
of Col. 7. 

1 i 1 

o 

l> 

*0 *0 *0 
>0 CO 

660 

00 CO CO 

1 

1 1 1 

38*2 of 7g 
38*1 of 7h 
38*0 of 7k 

© 


Sq. ft. 

1 1 1 

0 0 <M 

00 «o 

UO 

1 1 1 

00 Cv| © 

ID CO »0 
© ID 

© 

Heating 
surface 
of tubes. 

sq. ft. 

1740 

1520 

1360 

1210 

1060 

948 

1708 

1394 

1203 

ID Ol ID 
•D © -^ 

0 © l> 

- 

Length 
of tubes. 

161 

13-5 

11-6 

10*7 

9*1 

7*8 

^ CO 

05 

CO t;* CO 

ID 4< 

© 

Number 
of tubes. 

270 

281 

292 

(M tH 

00 05 0 
(N 00 

^ 

CO C30 

00 00 CO 

359 

379 

401 

IQ 

Temp, of 
smoke- 
box gases. 
'Fah. 

o o o 
o o o 

O 1- 00 

000 
000 
r- 00 

000 

000 

>0 CO 

000 

000 

»D © 1- 


Steam 
pressure 
lbs. sq. 
in. gauge. 

o 

o ^ s 

<M 

s ^ r 

160 

- - - 

00 


2-5 

>5 

; s r 

I-- ^ ^ 
6 " " 

s s s 


Refer- 

ence. 

W O 


OWM 


- 

CHARACTER OF 
BOILER. 

Boiler evaporating 
20,000 lb. of steam 
per hour. 

Tubes 1*75 in. outside 
diam. and 1*53 in. 
inside diam. 

bOfl t 

■S i : 

S'® .£ 

If 

o8 0 ^ 

> • .. 

' g 0 
-2© 0 S 

ml f 

?.a 

JD 

3 TJ S 
;§| 

fll 
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160 lb. per sq. in. gauge (temperature 371° F.) ; feed tempera- 
ture 120° F.; atmospheric temperature 60° F. ; coal fired 
per sq. ft. of grate per hour 25 lb. ; efficiency of boiler 74%, 
with a smoke-box temperature of 500° F. ; lower calorific 
value of coal 13,500 B.Th.U. per lb. ; gases per lb. of coal 

fired 20 lb. ; — =*7. 

ai 

Case 3 — With tubes 1-75 in. outside and 1*53 in. inside 
diameter, with smoke-box temperatures G, 500° F. ; H, 
600° F. ; K, 700° F. Gases pass direct from the fire-box to 
the tubes. 

Case 4 — With straight retarders inserted in the same 
diameter tubes, and with the same smoke-box temperatures, 
referred to as L, M, and N respectively. Gases pass direct 
from the fire-box to the tubes. 

The calculations for these cases were made in a similar 
manner to those relating to the previous example, and the 
results are given in Table 5 in the lines G to N. 

It would be noted from columns 8 to 1 1 that the straight 
retarders are estimated to cause a considerable reduction of 
the heating surface, and in column 12 there is given the 
corresponding reduction in the length of the boiler. 

Looking at these calculated values in another way, a com- 
parison between the lines C and D of Table 5 indicates that, 
with the length of tube of about 11 ft., the introduction of 
straight retarders in the tubes might be expected to raise the 
efficiency of the boiler from the value 50% to 54% under these 
particular conditions of operation. Similarly from lines K and 
L it might be inferred that the efficiency for these conditions 
of operation would be improved from the value 66% to 74%. 

The resistance offered to the flow of the gases through the 
plain tubes can be estimated by means of equation 2, p. 53, 
selecting values of / from Fig. 28, p. 53, if the pressure 
required to create the kinetic energy of flow is estimated 
separately, or from Fig. 27, and eqn. 1, if this pressure drop is 
included in the value of /. For the retarders the resistance can 
be estimated from the results given in Fig. 95, p. 198.* The 
furnace draught would depend to some extent upon the thick- 

* Heat Transmission by Radiation, Conduction y and Convection 



THE TRANSMISSION OF HEAT IN BOILERS 85 


ness of the bed of fuel, and on the size and character of the 
.coal. Some idea of its magnitude can be obtained from the 
data shown in Figs. 10, 11, and 18. 

Example TV {continued ), — ^The influence of a deposit of scale 
on the transmission of heat through a boiler plate has been 
discussed to some extent on pp. 56 and 109,* and it was 
seen that unless the resistance due to the scale was very 
high it had comparatively little influence on the rate of heat 
transmission from the gases to the water in a boiler. If the 
thickness of a scale and its conductivity are known it is possible 
to estimate the probable influence on the efficiency of a boiler. 
To illustrate the method of calculation and the character of 
the results obtained, the two boilers A and G in Table 5 will 
be taken to have an additional deposit of scale in. thick, 
having a conductivity *0005 B.Th.U. per sq. ft. per sec. per 
deg. Fahr. per ft. of thickness. 

For boiler A the original value of the rate of heat trans- 
mission, A, was *003. Tlie new value, A', with the ^^(j-in. scale 
on the tubes will be, 

h' h -0005 -003 -032 


I'V X iV 

or, A' =-00275 

If is the mean difference of temperature, and Tg the 
outlet gas temperature, then, 

•00275 X X 1740= 8-65 x *25 x (2750 -T^) nearly. 

To solve this, either or T 2 would have to be assumed and 
the other calculated and then the values adjusted until the 
equations are satisfied, for, 

t _ 2750-T2 

2750-388 
T2-388 ‘ 

A few trial calculations soon gives the required values ; thus 
it is found that <,,j=950°F. and T2=650°F. nearly. 

Without the scale on the tubes the percentage loss of heat 
by the flue gases was, 


11 X -25 X (600-60) x 100 
13,600 


ll%nearly. 


♦ Heat Transmission by Radiation, Condition, and Convection, 
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With the scale the corresponding loss of heat is, 

^.25X( 650 - 60) ^0^1^ 

13,500 


In this case, then, the efficiency of the boiler is only reduced 
by (12--11) = 1% due to the scale. Similar calculations for 
boiler G shows that the loss of heat by the flue gases is only 
increased from about 16*3% to about 17%, thus only causing 
a loss of efficiency of (17 — 16*3)=0-7%. 

From these calculations it would therefore appear that 
whenever a boiler shows an appreciable loss of efficiency due 
to scale on the tubes, either the scale is very thick, or if thin, 
it is practically non-porous and in very bad thermal contact 
with the tube or plate. This would also signify that the 
temperature of the metal would be correspondingly raised, 
possibly to a dangerous extent. 

Example V. — Steam Superheater.— The following con- 
ditions are specified : — 

Steam per hour 10,000 lb., superheated from the saturation 
temperature 370® F. to 550® F. at constant pressure. 

Dryness fraction of steam at inlet *99. Specific heat of super- 
heated steam ’5.* 

Gas temperatures, inlet 1000® F., outlet 600® F. ; specific 
heat of gases taken at *25. 

Steam flows through tubes of 1-in. bore, with outside 
diameter 1*2 in. Gas flows along the length of the tube on 
the outside in the counter current direction. 

If weight of gas-flow, lb. per sec. 
a^=area of section for gas-flow, sq. ft. 
and the respective values for the steam-flow. 

As an example of the method of calculation, 

Let -^-2, and -^=5. 
ag a. 


hg^ -0025 and h, t= - X *0045== *009. 
" -25 


* The specific heat of superheated steam varies to some extent with the 
temperature and pressure (see Marks and Davis’ steam tables), but as it is 
always difficult to estimate exactly the amount of heat to be supplied because 
of uncertainty of the quality of the saturated steam, the value -6 is considered 
sufficiently exact for the purposes of calculation. 

t For a given value of ^ the value of /i is approximately proportional 
to the specific heat of the gas. 
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Heat required per second to dry steam 

10,000 


3600 
=23-7 B.Th.U 

Heat required per second for superheating 

_10^0W 
~ 3^00 
=260 B.Th.U. 


x863x(l--99) 


X -6 X (560 -370) 


to„X -26 X (1000-600) =250+23-7 

or, w,=2-74: lb. per sec. 

.1-37 .q. ft. 


-c 


2 2 
10,000 


=2*78 lb. per sec. 


w.= 

' 3600 

, w. 2*78 

and, a^= ^= = *566 sq. ft. 

5 5 


No. of tubes=n=: — 


•556 


•785 X iff 


: 102 . 


Drying the Steam. — ^The value of under these conditions 
is not known, and is probably greater in value than when super- 
heating ; but as the heat required to dry the steam is generally 
small compared with that for superheating it may be taken to 
be the same as for superheating without sensible error. 

Neglecting the small amount of conduction along the tube 
and the small drop of temperature through the metal, then, 
at the steam inlet, where tube temperature is 9, 
h, (600-0) 1-2=A3 (0-370) X 1 

X 600 X 1 -2 +h^ X 370 X 1 

hgX 1*2 

_ *0025 X 600 X 1 -2 + *009 X 370 
•0025x1 -2 + -009 
= 427° F. 


Again, if T^=gas temperature at end of drying process.* 
Then, 2-78 x 853 x (1 - •99) = 23-7=2-74 x -25 x (T^-600) 

or, T^=635°F. 


♦ It is likely, however, that no definite line of demarcation exists between 
the saturated and the superheated steam, as there may be differences of 
steam condition across any section of a tube. 
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and at this point, •0026xl’2 (636 — 0)= -009 x (0—370) Xl 

or, 0=436° F. 

The probable mean difference of temperature between the 
gases and the tube during drying of the steam would be 

_(635-436)-(600-427)_j^^op 

”* ' 635-436 

’60(P4^‘ 

If A,=square feet of heating surface on gas side. 

Then, -0026 X 186 xA,= 23-7 

or, A,=51 sq. ft. 

= 7r X - ^ Xf X 102 

12 

51 x 1 2 

or, 1 = = 1*6 ft. for drying the steam. 

Superheating the Steam. 

At gas inlet -0025 x 1 -2 x ( 1000 - 0) = *009 x 1 X ( 0 -- 550) 

or, 0=662° F. 

Probable mean difference of temperature between gases 
and tube during superheating, 

^ _(1000--662)-(635-436) 

” , 1000 -661! 

635-436 

= 262° F. 

-0025x262 xA,=250B.Th.U. per sec. 
or, A,=382 sq.ft. 

and, I X -- - ~ X 102= 382 
12 

or, f= 11-9 ft. 

Then, total length of each tube= 11-9 + 1-6 

= 13-5 ft. 

Similar calculations have been made with ^=10 and 16, 
with ^=2. Also, with —’=6, 10, and 16, when — '=1. 

dg a g 

The principal results are tabulated in Table 6. Thus it is 

seen that with ^=2 increasing the value of — * from 6 to 15 

a. 
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only redtices the total heating surface from about 433 to about 

w 

365 sq. ft. Similarly with - ^=1 the heating surface is only 

dg 

reduced from about 650 to about 582 sq. ft. for the same change 

w w 

of It would be noted, however, that an increase of - ^ 

dg 

from the value 1 to 2 causes a reduction of surface of about 
one-third. 


TABLE 6 



!!? 

steam 

Temperatures. 

Gas 

Temperatures. 

Calculated Tube 
Temperatures. 

Outanle 
Heating 
Surface, 
.sip ft. 

Length 
of each 
Tube, 
feet. 

No- 

Tubea. 

Inlet. 

“F. 

Ont’ot. 

"F. 

Inlet. 

°F. 

Outlet. 

°F. 

At 

Steam 

Inlet. 

'F. 

Higbest 

Value, 

“F. 

2 

5 

370 

550 

1000 

600 

427 

662 

433 

13-5 

102 

2 

10 





406 

622 

385 

24-0 

51 

2 

15 


99 


,, 

397 

600 

365 

34-1 

34 

1 

5 

9 9 




409 

625 

650 

20*3 

102 

1 

10 





393 

596 

600 

37-4 

51 

1 

15 



- 

- 

387 

582 

582 

54-4 

34 


Although the rate of steam -flow through the superheater 
tubes does not greatly influence the required superheating 
surface it may have an important influence on the temperature 
of the tubes, as is indicated by the calculated values given in 
Table 6. With separately flred superheaters, and in some 
types of Are -tube superheaters, the gases usually have a high 
temperature and there is some danger of overheating the tubes. 

The following results given in Table 7 have been calculated 
in the same manner as is shown on p. 88, but having the gas 
temperature at the inlet 2000° F. and at outlet 700° F., using 

counter current flow, with ——2-5, the steam flowing through 

1-in. bore tubes and the gases outside. The steam temperatures 
are the same as those specifled on p. 86. 

It is seen from this table that altering the rate of steam-flow 

XV 

from -2=25 to 100 only reduces the calculated heating surface 
from about 130 sq. ft. to about 121 sq. ft., but the calculated 
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tube temperature at the steam outlet (gas inlet) is reduced by 
about 100® F. 

It would be observed, however, that under ordinary con- 
ditions it might be impracticable to provide for counter 
current flow with tubes of the lengths given in Tables 6 and 
7. In locomotive superheaters, for instance, having the super- 
heater tubes inserted into the fire tubes from the smoke-box end, 
either two or four steam passes are adopted for each tube 
element. Thus with two passes the steam and the gases flow 
in the counter current direction for the first pass and parallel 
current for the return or second pass. Similarly, with a four- 
pass superheater, the first and third passes are counter current, 


TABLE 7 


% 

% 


steam 

Teinpeiatures. 

Oas 

Temijerntures. 

Calculated Tube 
Teniporatures. 

Outside 
Heating 
Surface, 
sq. ft. 

tength 
of each 
Tube, 
feet. 

No. of 
Tiibe.s. 

Inlet. 

Outlet. 

Inlet. 

"F. 

Outlet. 

'’h\ 

At 

Steam 

Inlet. 

"F. 

At 

Steam 

Outlet, 

"F. 

2-5 

25 

370 

550 

2000 

700 

400 

682 

130 

19’8 i 

21 

$t 

60 

99 



9 9 

386 

622 

124 

36-0 

11 


76 

99 

99 


99 

381 

598 

122 

56-8 

7 

99 

100 


99 

99 


378 

586 

121 

77«5 

6 


whilst the second and fourth are parallel current. These con- 
ditions modify the calculations somewhat because it becomes 
necessary to calculate for each pass separately. To do this 
the best method is first to make a trial calculation for the 
first pass, assuming a probable value for the steam tempera- 
ture at the end of the first pass (gas inlet), and then to calculate 
for the second and other passes in a similar manner. With a 
few trial calculations temperatures are arrived at giving 
approximately equal lengths for each pass, and the solution 
can then be completed. The following Table 8 shows cal- 
culated values for 10,000 lb. of steam per hour, entering 
with dr 5 mess fraction *99 and temperature 370® F., and super- 
heated 550® F. in the first case, and to 620® F. in the second 
case ; using 1-in. bore tubes through which the steam flows. 
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Example VI. — Air Heated by Hot Gases. — In this example 
hot gases flow through tubes of 1-in. bore and the air flows 
on the outside of the tubes in the counter current direction 
as represented in Fig. 37. 

The following symbols are used with the given data : — 
lb. per sec. 

Tj;i— gas temp, at inlet —800"^ F. 

M » outlet-^ 300° F. 

0j=tube temp, at top or hot end, 

°F. 

0j^“tube temp, at bottom or cold 
end, °F. 

inside dia. of tubes (gas side) 

= 1 in. 

P^=mean gas pressure— 2116 lb. 
sq. ft. abs. 

T^— mean gas temp., °F. abs. 

AP= total resistance to gas -flow 
= (4in. water X 5*2) = 20*8 lb. 
sq. ft. 

Z=length of tubes, ft. 

area for gas-flow, 

m = ft. 

perimeter 

a^=area for gas-flow, sq. ft. 

2 ;^j=gas velocity at inlet, ft. per sec. 

V ,, ,, ,, outlet, ,, ,, 

p^j=:gas density at inlet, lb. per cub. ft. 

A^=rate of heat-flow, B.Th.U. per sq. ft. per sec. per deg. 
Fahr. diff. 

^^=speciflc heat of gases=-25, say. 

Similar symbols are used for the air side of the tubes with 
the following data : — 

T^j=:500°F. 

T«2=60°F. 

Pa=2116lb. sq. ft. (nearly). 

AP^=(3in. water X 5-2)= 15-6 lb. sq. ft. 
rf^=l-25in. (external diameter). 
s,= .24, 



Fig. 37. — Tubular ait 
boater. 
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It is t^^ken that there are no appreciable losses of heat 
externally ; also, that there is no recovery of the energy of 
flow at the gas or the air outlets, and that the velocity of flow 
in the ducts is negligible. 

Then, 30 x -25 x (800 - X *24 x (500-60) 

30 X *25 X 500 

^ 

•24 X 440 

= 35-6 lb. per sec. 

By the same methods as on p. 53, using /= *006, say, 


AP, = -006x 


— = 53-2 X 
Pol 


53-2 T, 

X 

64-4 P 


^ zx 48 / y ^ _i_ 

1 \ag/ 64-4 Vaa / p^i 


^ T„i + 4 60^ 


Tji + 460\_53-2x 1260_ 31-7 cu. ft. per lb. 

(apj)roximately) 


2116 


800 + 300 


+460=1010° F. abs. 


AP,=4x5'2 


182-5 


={ 


114/ + -74 




or, ^ — 6-49 ft (1) 

(5) 


Similarly, for the air side, 
53-2. 

64-4 m„ 


APa= 3x5-2= -006 X X — X ( — ^ + ft . 

Pa Vwa/ 64-4\aa//>a2 


60 + 500 


+ 460= 740° F. abs. 


Pa= 

PaZ 


=2116 nearly, 
53-2 X 520 _ 
^16 


13-1 cub. ft. per lb. 


16-6=( -001735 i +-306^ ( 

\ Ma / \aa/ 


9000 


or, — = 

rria 


G) 


-176 ft (2) 


If «=nuinber of tubes. 

a a ...j «o (neglecting the perimeter of 


TO,= — 2^-, and ma= 
UTid^ 




the enclosing casing) 
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n7r= 

or, 
or, 


a 


a 


TYlgdg 

aa 


mgda 

aa 


Xl maXl-25 
aa=60 a„ma 

w„ 35-6 -593 


aa 


eoa^wia 


w,„a 


( 3 ) 


'a^g 


For a trial calculation take Z— 15 ft. 
Then, from equation 1, 15— ~ 2 — 6-49 


or, 


Wa 


e-L 

/l82-5^ 
V 91.4- 0 


2-91 


and, ag=^ 


30 


2*91 


:10-3 sq. ft. 


But cross-sectional area per tube== x — sq. ft 

^ 4 144 ^ 

10-3x144 , 

n— = 1890 tubes. 

TT 

4 

•593 


From equation 3, 


Wa 


15=ma 


a 


-176 


•05^6 

tta ma X lU-3 TOa ’ 
and inserting this value in equation 2, 

9000 
•0575y 

/ 

16=2, 730, 000ma3-176ma. 

By trial, TOa='0189 ft. 

Wa^.0676 

Oa 


•0189 
35-6 


=3-04s3, say. 


and, aa=-‘'=^^-=ir9 sq. ft. 

3 3 ^ 

Neglecting conduction of heat along the length of the tubes 

and the small drop of temperature through the tube. 

0'£)‘>fdg=h^(6ij; Tai)5r(ia 
’ ^ hgdg+Kdg 
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and, 0B= 




hgdg -\-hadg 

If ^,= -0035, and ^a=-0035 


Then, 6^= 


•0035 X 800 X 1 + -0035 X 500 X 1 -26 
•0035 X1 + -0036X 1-25 

^•^+^ . ‘ lg==632° F. 

•00788 

•0035 X 300 X 1 + -0035 X 60 X 1 -25 
"^03^11^036 X 1 

i:^5 + -262_i67°F. 

•0035x2-25 


Calculation gives the probable mean difference between gas 
and tube 160° F., 

and, Total tube surface on gas side= w x ^*2 ^ ^ 

= 7410 sq. ft. 


Then, 

X 160 X 7410=heat supplied to tubes=30 X -26 x (800—300) 


or, 


K 


30 X -25 X 500 
~i'50x74To 


= •00337 


This is sufficiently near the value for A, =-0035 adopted 
originally to justify the adoption of 1890 tubes, 1-in. bore, of 
length about 15 ft. 

Heat transmission per sq. ft. per hour 


30 X -26 X 500 X 3600 
74l0 


1820 B.Th.U. 


Example VII. — Heat Transmission from Gases passing 
through a Glean Brickwork Flue. — ^The arrangement relating 




iK 





Fig. 38. — Boiler plate subject to radiation 
from brick walls. 


to this example is represented in Fig. 38, one side of which 
is a plate forming part of a boiler shell. In these calculations 
it will be taken that there is no appreciable conduction of heat 



«6 THE TRANSMISSION OF HEAT IN BOILERS 


T,,- 


through the brickwork, and that the brickwork cavity is 
shallow. 

Let Ti=gas temp, at inlet =1500° P. 

T 2 = ,, ,, „ outlet= 600° F. 

^^=steam or water temp, at boiler=360° P. 
T^i=brickwork temp, at inlet end, °F. 

„ „ „ outlet „ 

depth of flue, ft. 
c=width of flue, ft. 

Z=length of flue, ft. 

2^1 gas-flow, lb. per sec. _ ^ 

area of flue section, sq. ft. 

A = rate of heat transmission from gas to water ] 

= „ „ „ „ „ „ to brickwork/ 

= •0015 B.Th.U. per sq. ft. per sec. per deg. Fahr. 

difference 

*e= coefficient of radiation for clean brickwork 
= -5, say. 

In the length of flue Sx feet the heat lost by radiation from 
the brickwork to the plate per second is. 


ex- 


1600 

Tew 


f/T^y_A+46oy} 

iV 1000 / \ 1000 / J 


B.Th.U. 


taking it that the gases do not absorb much of the radiant 
energy. 

Then, 

Total heat received by the plate per second in length Sx, 


=h(T—tJcSx-i-e X 


3600 


Tp, + 460y_, 

f«, + 460y) 

'1\ 1000 / ' 

V 1000 / j 

d)} 



Thus at inlet, 

' * 3600 iV 1000 / \ 1000 / J 

By trial it is found that Ti,= 960° F. 
and therefore, Heat given in length 8x 

= -0016c8x{(1600-360)+(1600-960)} 
= -0016c8a; (1140+540) 

* This value is not known except very approximately. 
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Thus, the effect of radiation has been to increase the effective'^ 

value of h by — approximately. 

Similarly, at the outlet h is apparently increased by about 

29 <%. 

It may be taken for the present purpose that the average 
increase of h under these conditions is, say, 35%. 
A'=:Axl*35=--0015xl*35 
-=•002 

Heat transmitted per sec.=ii;i x •25(1500 — 600) 

X 225 B.Th.U. 

Mean temperature difference == -~~^™^-^^^=578°P.nearly. 

600-360 


Then, A x -002 x578= X226 

or, area of heating surface, A = — = 195it;i sq. ft. 

^ -002x578 ^ 

and, length of flue, 

c ai 

-- 195 /^^ ft. 

In this case, ~=1, and thus, ?— 195d. 

di 

If d— \ ft., for instance, ;=1^^=:65 ft. 

3 


Example VIII. — ^Ip the previous example (VII) the brick- 
work was clean, but if covered with soot the walls would 
probably radiate nearly as a black body, in which case e=l 
nearly. 

Thus, at inlet 


•0015 (1500~Tj,) = 


1600/ /T^ +460 
3~60olv lOOO 



360 + 460 y\ 

/ j 


By trial, T^ = 827° P. 
and, •0015{(1500-360)+(1500-827)}c8a; 

=heat given in length hx, 
= •0015 (1140+673) cSa;. 


H — H.T. B.C.E. 
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Therefore, the effect of radiation at inlet is to increase 
the value of to K =*0015 x f ' ' 


V 1140/ 


= •0016x1-59 
= •00238. 


At outlet, 

•0016 (600 -TJ 


1600 f / T,+460 y p60+460 


1000 


3600 iV 

By trial, Tj,=490°F. 
and, -00 1 6 { (600 - 360) +( 600 - 490) ) c 8x 
= •0016 (240 + 110) c 8a;, 




1000 


')'l 


an increase of h= *0015 to h'= *0015 


V 240/ 


= •0015 X 1*46. 

Probable mean value of A^'= -0015 x 1*5= -00225, say. 
Then, A x -00225 x 57S=^Wi x 225, as on p. 97. 

X 225 


or, A= 


•00225 X 578 


:173Wi 


and 


;=:^=173d-^ft. 


With-^=1, 


;= 173d ft. 


and, if cZ= i ft., then 1= 


173 


:58 ft. 


It follows also that to make effective use of the radiations 
from a brickwork wall, the cavity should be shallow and wide. 

Some Empirical Formulae Relating to Heat Transmis- 
sion. — ^From the results of experiments on the evaporative 
power of boilers Professor Rankine* originally proposed the 
following formula as a rough approximation for the heat 
transmission in boilers. 

^ b 

where H is in B.Th.U. per sq. ft. per hour, T is the gas tempera- 
ture and t the water temperature in deg. Fahr., and b was 
taken to lie between 160 and 200. 


♦ The Steam Engine* 
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Though the above expression may represent the results 
obtained within the limited range of application on which it 
was based, it is evident from all the experiments discussed that 
such an expression cannot be of general application, and fails 
completely when tested against actual results obtained at 
widely different rates of gas-flow. 

Although there is evidence to show that a few engineers 
early recognised that the velocity of the gas had some influence 
on the rate of heat transmission, the following quotation 
indicates that most engineers were completely ignorant of 
the laws of heat transmission until within comparatively 
recent years . I n his article on ‘ ‘ Heat Transmission in Boilers , ” * 
J. G. Hudson said : ‘‘ The element of speed has not, so far as 
the author is aware, ever been hitherto taken into account, as 
possibly affecting the transmission. In the few cases where 
reference has been made to it, a high speed has been considered 
objectionable, as reducing the time available for the gases to 
part with their heat. . . 

From his analysis of a number of experiments on boilers 
Mr. Hudson proposed the following formula : — 

^__T+^ + 922 V'v 

A ^ X— 

where A=B.Th.U. per sq. ft. per hour per deg. Fahr. difference. 
T=gas temperature, 

water temperature, "^F. 

^—velocity of gas, ft. per sec. 

B=1250 

It is hardly necessary to show that the above formula 
is not of general application, but probably it can be made 
to represent boiler conditions over a much wider range than 
the Rankine formula. 

The author has not thought it worth while to discuss the 
above formulae any further because of their empirical nature 
and the limited scope of their application. 


The Engineer, Dec. 12th, 1890. 



CHAPTER II 


CONDENSATION OF STEAM AND RATE OF HEAT TRANSMISSION 
IN SURFACE CONDENSERS AND COOLERS 

Condensation of Steam. — ^There are two principal t3rpes of 
steam condensers in common use : (1) Those condensers in 
which the cooling substance, usually water, comes into direct 
contact with the steam, as in the various arrangements of jet 
condensers, and (2) Those in which the steam and the cooling 
substance, usually circulating water, are separated by metal 
surfaces, and are generally termed ‘‘ surface condensers/’ In 
this latter type the circulating or cooling water is usually 
passed through brass tubes and the steam condensed on the 
outside surface of these tubes ; but in air-cooled condensers 
and in evaporative condensers the steam is commonly con- 
densed inside the tubes, and the cooling substance, in the 
first-named case atmospheric air, and in the second, water 
trickling over the surfaces and evaporating, is in contact with 
the outer surface. 

In what follows, the discussion is strictly limited to the 
consideration of the transmission of heat in surface con- 
densers, since it is in these condensers only that there is any 
serious problem associated with the transmission of heat from 
the condensing steam to the cooling or refrigerating substance. 
The most important condensers of this class are those used 
for the condensation of the exhaust steam from steam engines 
and turbines, wherein the steam is condensed at a compara- 
tively low temperature with the object of reducing the back 
pressure on the engine or turbine to the lowest values obtain- 
able with all-round economy. These condensers require “ air 
pumps ” to extract the water of condensation and the air 
which finds its way into the condenser, and to discharge these 

100 
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against the pressure of the atmosphere. In this manner 
the back pressure at the engine or turbine can be reduced to 
a value much below that of the atmosphere, resulting in a 
lower steam consumption for a given power developed than 
could be attained if the exhaust steam were discharged to the 
atmosphere. 

The problems associated with the condensation of steam 
are generally complicated by the air which enters the con- 
denser with the steam. No matter how carefully the various 
joints in an exhaust pipe may be made, and however well 
designed and constructed the low-pressure glands may be, 
it is practically impossible to secure absolutely air-tight 
conditions for any length of time. Also, a small amount of 
air originally in solution in the boiler feed finds its way into the 
condenser along with the steam. It will be shown later that 
the air in the condenser tends to increase the resistance to 
heat-flow on the steam side of the tubes, or, in other words, 
it tends to retard the transmission of heat when compared 
with air-free steam, and also, according to the laws of mixtures, 
the presence of air reduces the steam temperature for any 
given total pressure in the condenser. 

Dalton’s Law of Mixtures.* — ^According to this law the 
pressure of a gaseous mixture on the walls of the containing 
vessel is equal to the sum of the pressures which the con- 
stituents would exert if each occupied the vessel separately. 
That is, if etc., are the absolute pressures which 

would be exerted by the various gases if introduced separately 
into the containing vessel, then the total pressure due to the 
mixture would be, 

Pt = Pl+P2 + P3+^^^- 

For high pressures, outside the range of ordinary practice, 
this relation is not quite true. 

In the case of vapours this law is obeyed approximately 
within certain limits which it is hardly necessary to specify 
heref as these limits are outside the range of practice with 
which we are at present concerned. 

Therefore in a mixture of air and water vapour the total 

* Dalton, Memoirs oj Manchester Phil. Soc.y Vol. V, 1802, p. 543. 
j* Refer to Prepton’s Theory of Heat for these conditions. 
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pressure is the sum of the “ partial ” pressures due to the 
air and the vapour p^, that is, 


Pt==^Va + Vs^ 

When a space already occupied by air or any other gas is 
saturated with water vapour, the partial pressure exerted 
by the vapour is very nearly equal to the pressure which the 
vapour would exert in vacuo at the same temperature. It 
has also been proved by experiment that the weight of vapour 
per unit volume at any particular temperature is the same 
whether in vacuo or mixed with a gas. 

Thus, when steam enters a condenser it usually carries 
with it some air which has leaked into the system, and as the 
mixture of steam and air flows through the condenser it is 
obvious that the ratio of the weight of air to the weight of 
steam increases gradually from the condenser inlet to the air 
pump suction. Provided the temperature and pressure of the 
mixture are known at any point accurately it is possible to 
estimate the ratio of air to steam at that point if the assump- 
tion is made that the air is just saturated with vapour. For 
example, if the total absolute pressure is 3 in. of mercury and 
the temperature 100° F. the calculation is as follows : At 
100° F. the saturation steam pressure is 1*93 in. of mercury, 


and thus the air pressure is 3 — 1*93= 1-07 in. Since 


PV 


= 53*2 for 1 lb, of air, where P— air pressure, lb. per sq. ft., 
V=cub. ft. per lb., and r— absolute temperature, deg. Fahr., 
_ P07x-491 xl44xV 

(460 + 100) 

or, V=394cub. ft. 

The density of dry saturated steam at 100° F. is *00285 lb. 
per cub. ft. Thus, the weight of steam associated with 1 lb. 
of air saturated at 100° F. and having the total pressure 3 in. 
of mercury is 394 x *00285=1*12 lb., and the ratio of air to 
steam is =*89 by weight. 

In an actual condenser it is hardly likely that the mixing 
of air and vapour is quite complete, and there may be local 
differences in the conditions as the air and steam pass through 
the condenser. On the assumption, however, that the air 
is always saturated the above method of calculation has been 
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used by Mr. D. B. Morison* to obtain the graph shown in 
Fig. 39. The ordinates represent the volumes of 1 lb. of 
air saturated with water vapour at various temperatures 



and vacua when the barometric pressure is 30 in. of mercury. 
The full lines represent a series of constant vacua, while 

* “The Influence of Air on Vacuum in Surface Condensers,” Inst, oj 
Naval Arch.f 1908, 
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the dotted lines refer to constant ratios of air-weight to 
the weight of accompanying water vapour. Following any 
constant vacuum line it is seen how an increase in the ratio 
of air to steam as the steam gradually condenses causes a 
corresponding reduction in the temperature of the mixture. 
In other words, cooling and ‘‘ de-vaporising ” the air at con- 
stant vacuum rapidly reduces the volume per pound of air 



Fig. 40. — Density ofJ[mixture of air and vapour. 

dealt with and therefore reduces the corresponding displace- 
ment of the air pump proportionally. 

Fig. 40 has been constructed to illustrate how the density 
of the mixture of air and saturated vapour varies with the 
temperature at different constant vacua, indicated by the heavy 
lines. The light lines refer to constant ratios of air to steam 
by weight. Following any constant vacuum line it is seen that 
as the ratio of air to steam increases the density of the 
saturated mixture increases, which suggests that the natural 
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position for the air-pump suction is at the bottom of the 
condenser and the steam inlet at the top. It is probable, 
however, that under actual conditions in practice, the small 



increase in vacuum which usually occurs from the steam inlet 
to the air pump suction and the rush of the current of steam 
and air through the condenser, would render it almost as easy 
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to extract the air from the top if it happened to he convenient 
to have the steam inlet at the bottom. With such an arrange- 
ment, however, it might be found more difficult to drain the 
water of condensation from the tubes. 

Air in Solution in Water. — ^The solution of a gas in a liquid 
may be taken to be a mixture of two liquids, the dissolving 
liquid itself and the dissolved gas. Henry’s* law states that 
the volume of a gas absorbed in a saturated liquid at any 
particular temperature is independent of the pressure of the 
gas. Dalton introduced the corollary that in a mixture of 
gases the volume of any of the constituents of the mixture 
absorbed in a saturated liquid is independent of the partial 
pressure. The amount of a gas absorbed depends, of course, 
on its solubility in the liquid, which decreases with an increase 
of temperature of the liquid. 

According to Bunsen the gases absorbed from the air 
(neglecting carbon dioxide) by pure water consists of a 
mechanical mixture of oxygen and nitrogen in the constant 
ratio of 34-91 oxygen to 65-07 nitrogen. 

According to Winklerf the volume of air required to saturate 
one volume of water is given in Fig. 41, on the base of tempera- 
tures in degrees Cent. It would be noticed that at 100° C., 
water, when saturated with air, contains over one-third the 
volume at 0° C. On boiling, of course, the whole of the air 
would come out of solution from the water. In the same 
diagram up to 30° C. is shown the volume of oxygen included 
in the air in solution, varying from 34-9% of the volume of air 
at 0° C. to 33-6% at 30° C. 

In practice, however, the water might not be saturated, 
or again it might have a certain amount of air entrained in 
addition to that held in solution. The values in [Table 9 are 
given by Mr. J. A. SmithJ from the results of experiments 
made by him. Unless otherwise mentioned the measurements 
were made at, or reduced to, 54° F. and 29-9 in. of mercury. 


* Tliis law does not hold, however, if the gas is very soluble, as for instance 
amnaonia gas in water, but for gases like oxygen and nitrogen in water it 
is true. 

•)• Landolt and Bornstein’s Tables. 

J “Air in Relation to Boiler Feeds,” Inst, Victorian Engineers, 1904; 
or Engineering, Oct. 7th, 1904. 
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It will be noticed that fresh water at ordinary atmospheric 
temperature is likely to contain slightly over 2 % by volume 
of dissolved gases measured at atmospheric pressure and 
temperature. A certain amount of corrosion is probably 
caused by the liberation of free oxygen when in contact with 
iron, as is indicated by the loss of oxygen in lines 9 and 10 in 
contact with clean cast-iron borings. The presence of carbon- 
dioxide in water also probably promotes corrosion, and line 1 1 
suggests that in river water the presence of carbon-dioxide 
may be largely due to vegetation in the water. 

Mr. Smith also measured the volume of gas driven out of 
solution by heating water to various temperatures starting 
with water at 54° F. and barometric pressure 29*9 in. of 
mercury, and heating it to 212 ° F. in about 150 minutes. The 
first evolution of gas occurred at about 120 ° F. It is seen from 
the values given in Table 10 that the evolution of gas is quite 
small up to about 170° F. 

TABLE 10 


Temperature, “F. 

140 

175 

100 

200 

210 

212 

Volume of gas evolved up to'j 
this temperature per unit 
volume of water (measured V 
at 54° F. and 29*9 in. mer- 1 
cury). J 

•0001 

•001 

•002 

•006 

•0165 

•022 


In his paper on Air in Surface Condensation,” Mr. G. A. 
Orrok* gives some results of his investigations in the Waterside 
No. 2 station of the New York Edison Company. He deter- 
mined the amount of air in solution and mechanically entrained 
in the feed water by absorbing the oxygen chemically and 
estimating the free iodine liberated by titration with a solution 
of sodium theosulphate of known strength, and from this the 
amount of oxygen in solution was calculated from the known 
reactions. The process to the liberation of iodine is expressed 
by the following chemical equations : — 

2 M7i(0H)2-f02=2H2Mn03 

2H2Mn03 + 8 HC/= + 6 H 2 O + 
4KI+2CZ2=4KCZ-f-2l2. 

♦ Journal Amer, Soc, Mech, Engs., Nov., 1912, 



TRANSMISSION OF HEAT IN CONDENSERS 109 


The amount of nitrogen was estimated from the usual 
proportions of oxygen to nitrogen absorbed in water. The 
following are some of the results at atmospheric pressure : — 
Mechanically entrained in feed water at 

187° F ‘00015 vol. of water 

In solution in feed water at 187° F. . . ‘00916 „ 


Total air in feed water from 
open heaters, 187° F. . . . *00931 ,, 

In solution in Croton water supply (make- 
up feed), 52° P. . . . . *04325 ,, 

In solution in hot-well water, 80° P. . -00269 „ 

According to Mr. D. B. Morison* the water of condensation 
discharged by the air-pump from a surface condenser, when 
used over and over again in the same plant, settles down to a 
permanent charge of about 2 volumes of air at atmospheric 
pressure per 100 volumes of water, most of which comes out 
of solution in the boiler and is reabsorbed in the condenser 
and as the water passes through the air-pumps. He refers, 
probably, to ordinary marine practice, where the water is 
commonly heated in closed feed heaters before entering the 
boiler. As has been shown, heating the feed water in the 
open to near 212° P. would liberate most of this air, and some 
exhaust feed heaters have arrangements for this purpose. 

Air Leakage in Condensers. — ^The air in solution in the feed 
water is only a small proportion of the air which has to be 
extracted by air-pumps in ordinary surface condenser 
practice. For example, taking the air in solution in the feed 
water to be 2% by volume at atmospheric pressure (14*7 lb. 
sq. in.) and temperature (60° P.) this volume is 
•02 

- = *00032 cub. ft. per lb. of water. 

62-4 ^ 


If the partial pressure of this air in the condenser is *744 
lb. sq. in. and temperature 100° F. then the volume of the air 

.00032 X cub. ft. 

*744 (460+ 60) 

per lb. of water of condensation. But according to Professor 


* The “Influence of Air on Vacuum in Surface Condensers,” Inat. Naval 
Arch., 1908. 
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Weighton’s* experiments, for example, an air-pump suction 
stroke capacity of nearly 0*7 cub. ft. per lb. of steam condensed 
is required with a reciprocating engine, even when precautions 
are taken to prevent air leakage into the condenser. Even 
allowing for the low volumetric efficiency of ordinary air- 
pumps a comparison of the above values shows what a small 
proportion of the required pump displacement is due to the air 

in solution in the feed water. 

In the paper referred to on 
p. 108 Mr. Orrok gave some 
results of experiments he had 
made on the quantity of air 
discharged from surface con- 
densers connected to steam 
turbines. The discharge pipe 
from the dry air-pumps was 
connected up through a valve 
to a small bell gasometer located 
near the air pumps. After the 
air-pump had been running for 
a sufficient length of time to 
make sure of constant con- 
ditions the valve was opened 

LOAD K.UOWATTS ^^6 ak-pump then dis- 

Fio.42.-Air leakage into condensers charged into the bell, aUowing 
at various loads on turbines. it to rise, which WOuld take 

from 1 to 20 minutes to fill, 
according to circumstances. The air in the bell was brought 
to atmospheric pressure and temperature before the final 
readings were taken. 

Pour sets of tests were run to determine the effect of the 
power load on air leakage, two on turbines which were in bad 
condition as regards air leakage, marked E and B in Fig. 42, 
and two on comparatively tight machines, marked J and G. 
It will be noted that in every case the air leakage was less 
at the higher loads than at light loads. The tube surfaces 
in these condensers were respectively, E, 18,000 sq. ft. ; B, 
21,000 sq. ft. ; G, 18,000 sq. ft. 

♦ “The Efficiency of Surface Condensers,*’ InaL Naval Arch., 1906. 
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To ascertain the effect of known quantities of air on the 
Tacuum, circular sharp-edged orifices of various sizes were 
placed at the top of the condenser so that the air introduced 
might mix with the incoming 
steam. These results are shown 
in Fig. 43, the load on the tur- 
bines being indicated on the | 
diagram. Condenser H had a g 
tube surface of 18,000 sq. ft. 2 
The conclusions arrived at | 
were that the air discharged by z 
the dry air-pump at atmospheric | 27 0 
pressure and temperature from o 
units between 5000 K.W. and > 

20,000 K.W. in size, varies from 
1 cub. ft. per min. at atmospheric ^ 

T . , , CUBIC FEET AIR PER MINUTE 

pressure and temperature when 

. ,1 1 , T., . , , w Fig. 43. — Vacua obtain at various 

in the best condition, to 15 or rates of air leakage. 

20 cub. ft. where ordinary leak- 
age is present, and to 30 or perhaps 40 or 50 cub. ft. where 
air leakage is bad. Most of this leakage comes into the con- 
denser through minute leaks in the cast-iron shell, pipe joints, 

and expansion joints, which it is 
practically impossible to detect 
except by filling the condenser with 
warm water and subjecting it to a 
pressure of a few pounds per sq. in. 
above the atmosphere. 

Usually it is taken that the leak- 
age of air in steam turbines with 
short exhaust connections is about 
2 to 3 lbs. of air per 10,000 lbs. of 
^ , steam at normal full load, and in 

ton’s air indicator. reciprocating engines two or three 

times this amount. With multiple 
effect evaporators the air to be dealt with may amount to 3 or 
4 lbs. per 1000 lbs. of vapour entering the condenser. 

A useful type of air leakage indicator, introduced by Pro- 
fessor R. L. Weighton, is illustrated in section in Pig. 44. It 
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consists of a vessel or bell B, either fixed or floating inside the 
glass casing C, and the air-pumps discharge the air into the 
bell. If the bell is fixed the air enters at the top as shown in 
Pig. 44, but if made to float the air is arranged to enter from 
below. The bell B is perforated by a large number of small 

holes through which the 
air leaks to the atmo- 
sphere, the rate of air-flow 
being indicated by the 
number of holes showing 
leakage or by the differ- 
ence of level between the 
water inside and outside 
the bell B. If the bell is 
floating in the water the 
position of the bell, indi- 
cated on a .scale, is a 
measure of the number of holes through which air is flowing. 

The general arrangement of such an air indicator is illustrated 
in Pig. 45, where the wet air-pumps discharge the water of 
condensation at the same or at a slightly lower level than that 
at the head of the air-pumps. If it was necessary to discharge 
the water at a higher level then a separator could be intro- 
duced at or near to the highest point of the discharge pipe to 
separate the water and the air dis- 
charged. Whilst this indicator is 
used to indicate directly any in- 
creased or abnormal leakage of air 
in the condenser it may also be 
calibrated to indicate the actual 
leakage or volume of air discharged. 

One approximate method with re- 
ciprocating air-pumps is to indicate the air-pumps and to 
calculate from the diagram the amount of air discharged, 
comparing this with the reading on the air indicator scale. 

Considering the diagram shown in Pig. 46, taken from an 
Edwards air-pump, AL, the length of the diagram, represents 
the stroke volume of the pump to some scale. EC is the com- 
pression line and BD the re-expansion line. Then the length 


Atmos. Line 



Fig. 46. — Diagram from 
Edwards air pump 



Fia. 46. — One arrangement of connections 
of air indicator to air pump. 
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CB between the points where these lines cut the atmospheric 
line represents the volume discharged at atmospheric pressure, 
assuming the leakage at the air-pump piston to be negligible 
and the indicator diagram to be a true record of the pressures 
and volumes in the cylinder. 

Let A area of pump barrel, sq. ft. 

L=::length of stroke, ft. 

Z===length of indicator diagram, AL in Fig. 46. 
c= length CB on diagram. 

N= number of suction strokes per minute, 
temperature of discharge, °F. 

W— weight of water of condensation discharged per 
min., lb. 

c 

Then, Volume* equivalent to CB— ^ x A x L, cub. ft. 


and. Volume* per minute 


X A xl-. xN cub. ft. 


With wet air pumps the approximate volume of the water 

W 

of condensation discharged is cub. ft. per min. and this 

62 


could be deducted from the previous expression to determine 
the volume of air. 

It may be taken that the temperature of the air at C and B 
is the same as the discharge temperature, which, however, 
may not be quite true, but an error of a few degrees in tempera- 
ture at these points does not greatly affect the result of the 
calculation. Particularly when the air discharge is small, and 
therefore the distance CB small, there is sometimes difficulty 
in estimating the exact length of CB on account of erratic 
changes in the compression line EC from cycle to cycle. The 
best that can be done is to take a fairly large number of 
diagrams at equal intervals of time and estimate the average 
length of CB. 

The weight of air discharged can also be estimated from the 
diagram, taking the air to be at atmospheric pressure and 
saturated with water vapour at the temperature of discharge. 


* A certain amount of air bubbles will be entrained in the water filling the 
clearance space, and on re-expansion along BD will increase in volume. This 
has been neglected in the following calculations. 


I— -H.T. B.C.B. 
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If, for example, this temperature is 100° F, the vapour 
pressure is -946 lb. per sq. in. If atmospheric pressure is 14-7 
lb. per sq. in. then the partial pressure of the air is 14*7 — 
•946—13*75 lb. per sq. in. nearly. The volume of 1 lb. air at 

this temperature and pressure is V— ^ it — ^ .9) =15-07 

^ ^ 13*75x144 


cub. ft. Thus the weight of air discharged per minute from 

the wet air-pump would be ( — | x — lb., and, 
^ ^ \ Z 62/ 15*07 

neglecting the water vapour carried away by the air, the 
approximate ratio of air to steam by weight at condenser inlet is 


/cALN_W\ 
\ Z 6^2/ 


1 

1^7W' 


The weight of vapour carried away by the air per minute 
would be ( — X~^ lb., where the volume of 1 lb. dry 

V Z 62/ 


Z 


351* 


saturated steam at 100° F. is taken to be 351 cub. ft. Com- 
pared with the magnitude of W the above weight of water 
vapour is very small, for taking ALN=*7 x W as an extreme 
value at full load (the ratio referred to on p. 110), and assuming 


the large value 


for ‘^ = .2, 


say, then, 


^ cALN 


W 

'62 


/351 


•00035W, or, *035% of W, which is a negligible quantity. 

A more accurate method of estimating the volume discharged 
by the air pumps than by using the indicator diagrams would 
be to arrange a small gasometer on the air discharge pipe, in 
much the same manner as in Orrok’s experiments described 
on p. 110. This method could also be used to calibrate the 
Weighton air indicator, which could then be used to measure 
the actual volume discharged. 

The above discussion regarding the amount of vapour dis- 
charged by the air pumps refers to wet air-pumps and also to 
dry air-pumps supplied with water for sealing and cooling 
purposes. When a steam or water ejector is used to extract and 
discharge the air, the above calculation needs to be modified 
as follows : For example, suppose the air and vapour tempera- 
ture at the ejector suction is 96° F., and that the air is saturated 
with water vapour. Then, if the capacity of the ejector is 
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C cubic feet per minute at condenser pressure, and W is the 

C 

weight of steam condensed per minute in the condenser, — 

lb. of vapour is extracted per min. by the ejector, where the 

C 

volume of 1 lb. steam at 96"^ F. is 393 cub. ft. or, lb. of 

Wx393 

vapour per lb. of steam condensed. 

C 

If — =1, say, then, 

C 

= *00255 lb., or *255% of the water of condensation. 

393W 

With condensers designed for high vacua it is usual to 
extract the mixture of air and vapour and the water of con- 
densation by separate pumps, and to provide a special set of 
tubes for cooling the air and vapour (that is, ‘‘ de- vaporising 
as it is sometimes called) below the temperature of the water 
of condensation. This has a considerable influence on the 
necessary volumetric capacity of the dry air-pumps or the 
ejectors, as was shown to be the case in Fig. 39. For 
example, if the mixture of air and vapour were cooled 
from 96° F. to 70° F. with the total pressure 2 in. of mercury, 
the vapour pressure at 70° F. would be *739 in. and the 
partial air pressure 2 — *739=1*261 in. The volume of 1 lb. 
air under these conditions is, 

1*261 X -491 X 144 

But at 96° F. and the same total pressure 2 in. of mercury 
the partial air pressure is only *294 in., and the volume per lb. 
air is then 1425 cub. ft. The cooling from 96° F. to 70° F. 
therefore results in a reduction of the volume from 1425 to 
316 cub. ft. per lb. of air dealt with. 

Thus, if C' cub. ft. per min. is the necessary capacity of the 
ejector dealing with the mixture at 70° F., and C that at 96° F., 

2'=iH=..222. 

C 1426 

Again, the volume of 1 lb, steam at 70° F. is 871 cub. ft., 

C' 

and the weight of vapour extracted per min. becomes lb. 
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P' *2^2 

per min. With — = *222, then this becomes — *000255 lb. 
AV 87 1 

per lb. of water of condensation, or *0255%, or only of the 
previous amount. It is therefore evident that under ordinary 
conditions of operation the weight of vapour extracted by 
the air-pumps is negligible when compared with the water of 
condensation. 

No account has been taken, however, of possible entrain- 
ment of water particles by the mixture of air and vapour 
passing to the air pumps. 

M. Leblanc* has estimated the weight of entrained particles 
of water by calculations from the adiabatic compression of a 
mixture of air, vapour, and water at different suction tempera- 
tures Ti and delivery temperatures Tg. His estimates, con- 
verted to British units, are given in Table 11, and the writer 
has added the values expressing the amount of the entrained 
water as a percentage of the water of condensation, taking it 
that the dry air pump effective displacement is about *25 
cub. ft. per lb. of water of condensation, which represented 
the conditions in a fairly air-tight steam turbine system. 

TABLE 11 


a = estimated weight of water particles per 100 cub. ft. of air at air-pump 
suction. 

estimated percentage of water particles to water of condensation, 
assuming an effective air-pump displacement of -25 cub. ft. per lb. 
of steam condensed. 

Ti = suction temperature, ° F. 

T 2 = discharge temperature, °F. 






1 

1 





50“ 

F. 

5i)“ : 

F. 

68“ 

F. 

7r 

F. 

Ts 









*F. 

a 

p 

a 


a 


a 

JS 


lbs. 

per cent. 

lbs. 

per cent. 

lbs. 

per cent. 

lbs. 

per cent. 

122 

•719 

•18 

1-52 

•38 

2-26 

•56 

3-58 

•89 

140 

•675 

•17 

1 02 

•25 

1-56 

•39 1 

2-24 

•56 

158 

•409 

•10 

•625 

•15 

•89 

•22 

1-29 

•32 

176 

•084 

•02 

•161 

•04 

•22 

•046 

0-36 

•09 


* “ A Note on Condensation, ” Aug. 28, 1908. 
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The discharge temperature from a single stage dry air-pump 
is commonly about 140° F. and the above calculations would 
suggest that the entrained weight of water particles per pound 
of water of condensation varies, roughly, from about *0017 lb. 
to *0056 lb. 

A common method of testing the air-withdrawing capacity 
of an air-pump or ejector is to introduce a suitable orifice or 
nozzle at a convenient point in the condenser, and either 
have the condenser working under the ordinary conditions 
of operation, or else completely blanked off except for the 
orifice. In the experiments mentioned on p. Ill sharp-edged 
orifices had been used for this purpose, but for such orifices the 
coefficient of discharge is not known with any degree of cer- 
tainty when the difference of pressure on the two sides of the 
orifice is comparatively large. It is much better to use a 
convergent nozzle with rounded entrance ; the coefficient of 
discharge for such a nozzle is about *98. The quantity of air 
passing through the nozzle when the absolute pressure on the 
exit side is less than -528 of that at the entrance, which is the 
usual condition in condensers, can be estimated in the following 
manner : — 

Let weight of air per second, lb. 

a=area at throat (smallest section), sq. in. 
p=pressure at entrance, lb. sq. in. 
temperature of air at entrance, °F. 

Then the theoretical discharge is given by : — 

^ -SSpa 
^ — 

a/^ + 460 

Or, if coefficient of discharge for the nozzle. 

Actual discharge— . 

V^+460 

Thus, if c— *98 and 2?= 14*7 lb. sq. in. 

7-65a 

'I0z=i - 

v/^-f-460’ 

Air-pump Capacity. — The effective capacity of a recipro- 
cating air-pump depends not only upon the displacement 

♦ For explanation of this formula refer to any standard work on thermo- 
dynamics. 
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of the buckets, but also upon the volumetric efficiency of the 
pump. The volumetric efficiency refers to the ratio of the 
actual volume of air taken in per suction stroke, at the partial 
pressure and temperature obtaining at the air-pump suction, 
to the suction stroke volume of the pump. This efficiency, 
however, varies so much with the pressure and temperature, 
and with the speed, design, and condition of the pump, that 
it is practically impossible to specify values of volumetric 
efficiency with any degree of certainty. For ordinary con- 
ditions of operation with an Edwards air pump it may be 
taken to be about 50% at 3| in. absolute pressure, decreasing 
to about 18% or less at 1 in. To deal with a definite weight of 
air the necessary effective displacement of the pump would 
depend largely upon the partial pressures of the air and the 
associated vapour at the pump suction, and may be estimated 
by means of Fig. 39, p. 103, if the conditions are specified. 
Thus, for example, taking a leakage of *5 lb. of air per 1000 
lb. of steam condensed ; vacuum 28 in. (barometer 30 in.), 
and temperature at air-pump suction 80° F., reference to 
Fig. 39 shows that the volume of 1 lb. air under these con- 
ditions is about 430 cub. ft. 

•5 X 430 

Then, =*215 cub. ft. per lb. of steam condensed is 

1000 ^ 

the required effective displacement according to the above 
data. Assuming a volumetric efficiency of, say, *3, the suction 
displacement of the air-pump buckets would be 

^^^=•72 cub. ft. per lb. steam condensed. 

*o 

A reference to Pig. 69, p. 154, for Professor Weighton’s 
experiments indicates that for reciprocating engines in fairly 
good condition, and using an efficient type of surface con- 
denser, very little advantage is obtained by increasing the air- 
pump displacement above *7 cub. ft. per lb. of steam condensed 
at full load. 

For the highest vacua it may be necessary to water seal 
all valve spindles in the exhaust line. On the Continent the 
exhaust pipe joints have also been water-sealed in some 
installations, but this is hardly necessary if the joints are well 
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designed and well made. If the exhaust pipe is long some 
allowance would be necessary in the size of air-pump for the 
extra air leakage that would occur. Some data regarding the 
leakage of air is given on p. 111. 

Resistance to Flow of Steam through Surface Condensers, 
— ^During the experiments referred to on p. 110, Mr. Orrok also 
measured the increase in vacuum from the condenser inlet 
to the air-pump suction for 
several condensers and at | 

various loads. The results joT . ^ 

obtained are illustrated in jo V/C’* 

_ W /< = 23,000 . 

Fig. 47 on a load base, o®® c - asjoo I't 

though, unfortunately, no a ? » . 

plotted points were given 

in the figure, and no par- ioA ^ 

ticulars were given respect- 8 n iV 

o r 3- Q.3 I — ^ u I 

mg the condenser arrange- § // ^ 

ment and the diameter and | 0 2 7 

spacing of the tubes. ^ 

In his experiments on 

the various condensers de* 5 o ^ — sg — g — — I 
scribed on p. 149, and illus- - III llsil 
trated in Figs. 66 and 67, | kilowatts 

pp. 150 and 151, Professor „ _ . , , 

’ Fig. 47. — Difterence of vacuum between 

W^eighton measured the inlet and outlet of surface condensers. 

vacuum both at the top and 

bottom of the condenser, two vacuum gauges and a mercury 
column being used, all of which had been calibrated from a 
standard instrument, which in its turn had been standardised 
in the National Physical Laboratory. Care was taken that no 
such thing as '' induced ’’ reading should occur, due to the 
current of steam and air, by fitting a curved projecting nozzle 
to the gauge pipe inside the condenser, and turning it round 
in all directions and observing its effect during the tests. In 


O LOAD KILOWATTS 

O 

Fig. 47. — Difference of vacuum between 
inlet and outlet of surface condensers. 


no case was the slightest induced effect observed. The vacuum, 
and therefore the absolute pressure, in. these condensers was 
found to be practically uniform throughout the condenser. 
In fact, in most tests, the absolute pressure at the bottom was 
found to be slightly greater than at the top. At first sight this 
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might seem to be an impossible condition since the tubes will 
offer some resistance to the flow through the condenser. It 
has to be remembered, however, that the conditions on the 
steam side of the tubes are extremely complicated. In the 
first place the atmospheric pressure at the bottom of the con- 
denser is slightly greater than at the top by the column of 
air between the two levels ; this, however, has only a very 
small influence on the readings of the vacuum gauges. 
Secondly, the mixture of steam and air enters the condenser 
at a fairly high velocity and therefore has a corresponding 
momentum, whilst the mixture leaves the tubes with a com- 
paratively low momentum. Therefore some of the kinetic 
energy of flow at the condenser inlet may become converted 
into pressure energy and thus raise the absolute pressure 
above the value it would otherwise attain. In ordinary 
practice, however, the vacuum at the air pump suction 
may be 0-2 or 0-3 in. of mercury greater than at the condenser 
inlet. 

Without further experiments made with due regard to 
accuracy it is hardly worth while discussing any probable 
law of resistance on the steam side of the tubes. 

Rate of Heat Transmission in Surface Condensers. — The 
design of surface condensers is fundamentally based upon 
the rate of heat transmission between the condensing steam 
and the cooling or circulating water. As shown previously, 
there are several factors affecting the resistance to the heat- 
flow, and the total resistance is the sum of the separate resist- 
ances taken in series. The most influential factors affecting 
the resistance on the steam side of the tubes are : The amount 
of air present with the steam, the design of the condenser with 
respect to the velocity of flow, or, the elimination of stagnant 
spaces, and the cleanliness of the surface of the tubes. On 
the water side the velocity of the water and the cleanliness of 
the tubes are important. The resistance of the tubes depends 
upon the material and the thickness. 

Discussing the problem of condensation first as a whole with 
respect to the rate of heat transmission between the steam 
and the water. 
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Let 


H=heat transmitted to water, B.Th.U. per sec. 

B.Th.U. per sq. 


A —rate of heat transmission. 


ft. 


steam side, per sec., 
per deg. Fahr. steam 
[to water. 


A— condensing surface, sq. ft. 

water ’flow, lb. per sec. 

Tg~ steam inlet temperature, °F. 

^j~water inlet temperature, °F. 

^ 2 -- ,, outlet ,, ‘^F. 

mean temperature difference, steam to water, °F. 


On the steam side it is practically impossible to define the 
mean temperature of the steam when air is present, because 
the steam temperature then falls from inlet to outlet in the 
presence of air, and the rate of fall at any point in the con- 
denser is rarely known. Without air present, however, the 
mean steam temperature should be practically constant at 
T^, and as this represents the ideal conditions, the mean 
difference of temperature will be taken to be the difference 
between the steam inlet temperature and the mean tempera- 
ture of the water, although it is known this does not represent 
the true mean difference of temperature in most cases. 

Therefore, from p. 28 


L 






T,-^i 


0 ) 


H — - 

H 

A 


h = 


( 2 ) 


This expression (2) will be used generally to calculate 
the rate of heat transmission h from the experimental data 
obtained from surface condensers. 

The Influence of the Velocity of Flow on the Rate of 
Heat Transmission from Steam to Water, — This will first 
be considered as a single problem without attempting to 
separate the influence of the velocity of the water from the 
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other factors affecting the rate of heat transmission. Also, 
the results of experiments on small apparatus with single 
tubes will first be dealt with, leaving the more complicated 
problems associated with ordinary surface condensers for 
later discussion. The experiments and the apparatus used 
will be described in some detail to show the relative value of 
the particular experiments discussed. 

The late Dr. Joule was an early experimenter on the con- 
densation of steam.* To understand the results obtained by 
him it is necessary to describe the apparatus used and the 
method of experimenting. The apparatus is shown diagram- 
matically in Fig. 48. B is the boiler, with steam pipe P and 
stop cock T, connected to the vertical condensing tube S, at 
the lower end of which is the receiver R arranged to receive 
the water of condensation. This receiver had a screwed 
stopper n and a rubber stopper r. Cooling water was supplied 
to the outside of the tube, flowing through the annular 
space as shown, and collected in the vessel V, previously 
being allowed to flow into the small can U containing a 
thermometer. The branch pipe p connected the upper end of 
the tube S to the mercury vacuum column 6. The rubber 
connections at t and q prevented end conduction of heat 
and the whole apparatus was well insulated by a thick coating 
of cotton wool and flannel to prevent excessive loss of heat 
externally. 

Every precaution was taken to prevent ingress of air to the 
tube. In some experiments another vacuum column was 
connected up to the receiver R at the point r and placed side 
by side with the gauge h in the same dish of mercury. Observa- 
tions were made during rapid and slow condensation and at 
various vacua, but the height of the columns generally appeared 
to be exactly the same ; if any difference could be observed 
at any time, the gauge connected to r indicated the less per- 
fect vacuum of the two, the difference, however, amounted 
in no case to more than ^ in. 

The method of experimenting was as follows : The nut n 
was unscrewed and the dish of mercury removed from under 
the gauge tube 6, all the water was discharged at the tap W 
* Trans, Roy, Soc., 1861 , Vol. 161 . 
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Fia. 48. — Arrangement used by Dr. Joule in experiments 
on the condensation of steam. 
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and the steam cock T partly opened allowing the steam to 
blow through the tube S, receiver R, and gauge tube b so as 
to free them completely from air. The nut n was then screwed 
on, cock W closed and the water turned on, all as near simul- 
taneously as possible. At the moment when steam was about 
to cease issuing from the tube b its end was introduced below 
the mercury level. Condensation then went on with perfect 
regularity and the vacuum remained constant. The experi- 
ment terminated by shutting off the steam and water, opening 
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Fig. 49. — Rate of heat transmission from Dr. Joule’s condenser 
experiments. 


the cock W, removing the nut n to release the water of con- 
densation, caught in a small can held close and containing a 
thermometer and then overflowing into a larger vessel, which 
was then weighed. Small allowances were made for losses 
by evaporation and by radiation. 

It was found that by blowing off steam from the boiler B 
for ten minutes or so at the commencement of each day’s 
experiments all the air from the water was expelled, and that 
even if condensation occurred until the receiver R was entirely 
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filled with water, no change took place in the height of the 
vacuum gauge. 

Numerous experiments were made under a variety of con- 
ditions of vacuum, temperature, and rate of water-flow with 
copper, lead, and iron tubes. The rate of heat transmission 



Fig. 50. — Rate of heat transmission from Dr. Joule’s condenser 
experiments. 

is shown plotted in Fig. 49 on a base of water velocity, but, 
unfortunately, the temperatures of the steam and of the 
water of condensation were different for each separate experi- 
ment. The values of the rate of heat transmission were 
deduced by equation 2, p. 121, and were based on the 
average of the inner and outer areas of the tube. It will be 
noticed how erratic the results appear to be, probably being 




126 


CUNDENISATiOJN OF «TEAiVl 


mostly due to the erratic conditions on the steam side of the 
tube. In a few of these experiments a tapered rod was placed 
inside the steam tube. 

A number of experiments were also made with various 
tubes having spirals of copper wire round the tube to break 
up the flow of water. Some of the results are shown in Figs. 50 
and 51 plotted on a base of water-flow in pounds per minute. 

In the original paper the results are only shown in tabular 
form and from an inspection of the values Br. Joule made the 
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Fig. 51. — Rate of heat transmission from Dr. Joule’s 
condenser experiments. 


following deductions (among others) which are more or less 
confirmed by the graphs in Figs. 49 to 51 : — 

1. The pressure in the vacuous space was sensibly equal in 
all parts. 

2. In this arrangement it is a matter of indifference in which 
direction the water is transmitted. Hence, 

3. The temperature of the vacuous space was sensibly equal 
in all parts. 

4. The rate of heat transmission was little influenced by the 
kind of metal for the tubes or by its thickness for ordinary 



TRANSMISSION OF HEAT IN CONDENSERS 127 


limits, or even by the state of its surface as to greasiness or 
oxidation. 

5. Narrowing the steam space by placing a rod in the axis 
of the steam tube did not produce any sensible effect. 

6. By means of a contrivance for the automatical agitation 
of the particles of the refrigerating stream, such as the spirals 
employed, an improvement in the rate of heat transmission 
for a given head of water takes place. 

Owing to the erratic nature of the results relating to Dr. 
Joule’s experiments the writer does not think it worth while 
to show the values of M derived from equation 5, p. 29, 
where Ti and Tg are inlet and outlet water temperatures 
respectively. 

Another early experimenter who called attention to the 
influence of the velocity of the cooling water was B. G. NichoL* 
His apparatus consisted of a brass tube f in. external diameter, 
of No. 18 B.W.G. thickness, enclosed in a wrought-iron pipe 
3| in. diameter and length 5 ft. 5^ in. between the wrought 
iron ends. Indiarubber glands were used to keep the ends of 
the pipe tight around the tube. The cooling water entered 
the brass tube at about 58^ P. and the steam condensed at 
about 225° F. on the outside of this tube, the water of con- 
densation leaving at about 200° P. The whole apparatus 
was well lagged to prevent external losses of heat. Three tests 
were recorded with the tube vertical and three with it hori- 
zontal. The increase of the rate of heat transmission (calcu- 
lated by equation 2, p. 121) with the velocity is shown in 
Fig. 52. 

Using equation 5, p. 29, the calculated values of M are also 
shown plotted in Fig. 52. 

Another experimenter on the transmission of heat in a 
single tube condenser was G. A. Hagemann, of Copenhagen.f 
His final apparatus consisted of a brass tube 2 mm. (-079 in.) 
thick, and 49 mm. (1*93 in.) outside diameter, having a length 
of 941 mm. (37*1 in.). The brass tube was fitted steam tight 
in the centre of a cast-iron pipe, about 6 in. diameter inside, 

* Engineering, 10th Doc., 1875. 

f “ Experiments on the Transmission of Heat,’* Proc. I.C.E., Vol. LXXVII, 
1883-84, Part III. 
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the steam condensed on the outside of the brass tube and the 
cooling water flowed through. The lower end of the brass 



WATER VELOCITY FEET PER SECOND 
0 62 124 186 248 310 372 434 
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Fig. 52. — Rate of heat transmission from Nichol’s condenser 
experiments. 


tube communicated with a water supply tank in which was 
placed a copper steam coil whereby the water could be raised 
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to any desired temperature before entering the tube. It was 
soon found necessary to introduce a blocked tube, 38*5 mm. 
(1*51 in.) diameter externally, inside the brass tube, the water 
then flowing through the annular space. Without this the 
temperature of the heated water could not be measured 
accurately on account of the wide bore and the low water 
velocities used allowing local differences of temperature of the 
water passing the thermometer, that is, in other words, the 
stream of water did not mix completely in passing through the 
tube. With the block tube in position there was little or no 
difficulty in this respect. The inlet and outlet temperatures 
of the water were measured by means of delicate thermometers. 

A series of tests were made with the steam inlet temperature 
at about 212^ F. and with the inlet water at various tempera- 
tures. Calculating the rate of heat transmission by means 
of equation 2, p. 121, the various values obtained are shown 
plotted in Fig. 53 on the base of water velocity. The 
circles refer to the tests with the steam inlet at 212° F., the 
inlet temperature of the water being marked against the 
points, and it would be noticed that the results are somewhat 
erratic, but that there is a general tendency for the rate of 
heat transmission to increase with the inlet temperature of 
the water. Unfortunately, the outlet temperature of the 
water of condensation does not appear to have been measured. 

It is probable that the higher rates of heat transmission 
with the higher inlet water temperatures were mostly due to 
the conditions on the steam side of the tube, though some of 
it might be due to the lower viscosity of the water as sug- 
gested previously, and therefore to its greater tendency to 
eddying motion as the inlet temjierature of the water was 
increased. 

The results shown in Fig. 53 as crosses were made with 
various steam inlet temperatures indicated opposite the 
various points, the inlet water temperatures being kept at 
about 44° F. While there was apparently some indication 
that the rate of heat transmission from the steam to the 
water increased with the temperature of the steam, no satis- 
factory conclusion could be drawn from these experiments 
because the outlet temperatures of the water of condensation 

K — H.T. li.C.E. 
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were not recorded. There is a general increase of the rate of 
heat transmission with an increase of the water velocity. 
Using equation 5, p. 29, the values of M are also shown plotted 
in Fig. 53. 

Professor L. Ser described some experiments he had made 



WATER VELOCITY FEET PER SECOND 
0 62 124 Wa 18B 248 310 372 

Fig. 53. — Rate of heat transmission from 
Hagemann’s condenser experiments. 

on the transmission of heat from a surface to water and from 
steam to water in his book on Traite de Physique Industrielle, 
Vol. I, 1888. The apparatus used was similar to that described 
previously, except that the annular area through which the warm 
water flowed was made equal to the area of the tube in which 
flowed the cold water. In this case it was arranged to have the 
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velocities of the warm and cold water the same, and Professor 
Ser then assumed that the temperature of the tube would be 
a mean between that of the water on the two sides. The 
results tabulated by him have been converted and plotted in 
Fig. 54 as curve (1). 

A similar series of experiments were made with steam at 
100° C. in the annular space, — — — . — — 

with water flowing through ^ 

the tube as in ordinary con- ■? 
denser practice. The tube of 
copper was 10 mm. (-39 in.) in- g 

side diameter, 1 mm. thick, and 

314 mm. long. Again from the «’ 

tabulated values the results ^ I I I I I I I 
shown by curve (2) m Fig. 54 o m ^ ia4 .ao 248 
were derived. 

Considering now experiments transmission 

of comparatively recent date. 

Fig. 76, p. 162, shows the rate of heat transmission, plotted 
on a base of water velocity, obtained by J. A. Smith with the 
apparatus illustrated in Fig. 73, p. 159. In the series A the 
condensing steam was nearly free from air and thus the ratio 

Steam pressure P, , i i . • • noo t 

— nearly, but in series B, *922. In 

Total pressure P^ P^ 

both cases the velocity of the water had a considerable influ- 
ence on the rate of heat transmission, and the differences 
between the results for series A and series B show the influence 
of the air on the steam side of the tube. It should be noted, 
however, that in this apparatus. Fig. 73, the stagnant condi- 
tions on the steam side of the tube may have had a consider- 
able influence on these results. 


Fig. 54. — Rate of heat transmission 
from Ser’s condenser experiments. 


For this condenser 500, and Fig. 76 also shows the 

various values of M obtained by calculation from equation 
5, p. 29, using for T^ the recorded steam temperatures in 
the vessel. 

Experiments have been made by the writer in the mechanical 
engineering laboratory at The Royal Technical College, Glasgow, 
on a small high-speed condenser. The results illustrate the 
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influence of the water-flow and the effect of the outlet tempera- 
ture of the air and water of condensation on the rate of heat 
transmission. The condenser consisted of two brass tubes, 
one of If in. internal diameter surrounding the other of 1^ in. 
external diameter which left an annular space between the 
tubes in. wide. These tubes were enclosed in a cast-iron 
shell about in. diameter and placed horizontally. The total 
tube condensing surface was 2-5 sq. ft. The steam was taken 
from a steam supply main and passed first through the inner 
tube and then to the outside of the outer tube, the inlet 
steam being usually superheated a few degrees by the throttling 
action from the steam pipe pressure to the condenser pressure. 
The cooling water from the town’s main was arranged to flow 
between the two tubes, the length of water path being about 
31 ft. 

The first series of experiments were made in 1910, although 
the condenser was built in 1906, and the rates of heat trans- 
mission obtained are shown by the black points in Fig. 55, 
the steam inlet saturation temperature being 212*^ F. and 
the outlet varying in different sets of tests from about 206° F. 
to about 124° F, as indicated on the curves. It is seen that 
the rate of heat transmission is greatly influenced by the 
temperature at which the air and water of condensation were 
liberated from the condenser. This rate was calculated from 
the experimental results by the formula 2, p. 121, taking the 
steam temperature to be 212° F. 

A similar series of experiments were made in 1919 with 
the steam inlet 212° F. and the outlet a few degrees lower. 
Between 1910 and 1919 the condenser had been used for 
students’ work for a few weeks during each intervening 
session, and for the remaining periods the water side of the 
condenser was kept flooded, but without flow. The 1919 
results of the rate of heat transmission with steam condensing 
at 212° F. are shown by the small circles with central dot, 
being much lower than the top curve of 1910 with which 
it is comparable. Experiments were also made in 1919 with 
steam at 34 lb. and also at 74 lb. per sq. in. absolute, the 
steam outlet in each case being only a few degrees below the 
inlet temperature. The rate of heat transmission results with 
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% Atmospheric Pressure 1910 
O O do. do 1919 
xX 34 tbs.sq.m.abs. do. 

/S. 54 do. do. do. do. 

qQ 74 do. (h. do. do. 



Fig. 55. — Rate of heat transmission in high-speed condenser, from 
Royds’ experiments, 
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34 Ib. pressure are shown by the small crosses, and the 74 lb. 
by the small square points. The condenser was then dis- 
mantled to see whether the difference between the 1910 and 
the 1919 results were due to accumulations on the tubes. The 
tubes were found to be covered with a thin deposit of rust, 
evidently obtained from the steel pipes leading to the con- 
denser. Also the outer tube was found to be cracked along 
its length, but there had been no signs of leakage at any time 
during its life, and on breaking the tube it was seen that a 
very thin strip at the bottom of the crack had remained intact. 

To make more certain that leakage at the cracked tube 
had not caused the difference between the 1919 and the 1910 
results, another condenser made to the same patterns was 
substituted which had been used occasionally for general 
condensing purposes over the same period without being 
cleaned. Condensing steam at atmospheric pressure under 
the same conditions as with the previous condenser gave the 
results shown by the large circles with central dot, while 
similar experiments with 34 lb. per sq. in. absolute pressure 
gave the large crosses. An experiment was also made with 
54 lb. per sq. in. absolute pressure shown by the large triangular 
point and one at 74 lb. shown by the large square point. The 
results with tlie new condenser are thus practically in agree- 
ment with those obtained in 1919 from the old one. There 
were no signs of leakage with the new condenser. 

An elaborate series of experiments on a single tube con- 
denser have been made by G. A. Ortok,* of New York. The 
apparatus consisted of a wrought-steel pipe or shell, with 
cast-iron flanges at each end, drilled and tapped for the 
various steam, water, and vacuum connections. The con- 
densing tube of 1 in. outside diameter passed through the 
centre of the shell and the length of the apparatus was such that 
exactly 1 sq. ft. of outside tube surface was included between 
the end flanges, the condenser ends being made tight by 
stuffing boxes where the tube passed through. The circulating 
water was taken from a salt-water fire supply line and was 
measured by passing through ^ calibrated meter, the inlet 

* “The Transmission of Heat in Surface Condensation,” Journal Amer. 

Mech, Engs.f Nov., 1910, p. 1773. 



TRANSMISSION OF HEAT IN CONDENSERS 136 

and outlet temperatures being measured by thermometers 
inserted into deep pockets well into the stream of water. The 
steam for condensation was at first taken from an exhaust 
main which carried the exhaust steam from various auxiliary 
engines to an open feed water heater, a cock being used to 
regulate the flow of steam into the condenser. The inlet 
temperature of the steam and that of the water of condensation 
at the outlet were measured, but, unfortunately, the latter 
temperatures were not recorded in the paper. A connection 
was made from the condenser to a vacuum line to maintain 
a constant vacuum in the condenser during any experiment. 
The water of condensation was allowed to run into a closed 
calibrated measuring vessel. 

With this arrangement it was found impossible to get con- 
sistent results, which was ascribed to air leakage and to 
deposit of oil or dirt on the condensing surface of the tube, 
as well as to probable variations in the quality of the steam 
supplied to the condenser. The apparatus was rearranged 
with a small independent boiler in which steam was generated 
by a high-pressure steam coil, the water of condensation from 
the condenser being returned to the boiler, this forming 
practically a closed circuit, with a make-up supply pipe 
attached to the boiler to maintain a constant level. 

The leakage of air into the condenser was tested before 
every series of experiments, and it was found that it could be 
made tight enough to allow only a drop of vacuum from 28 
to 27 in. of mercury in fifteen minutes with all valves closed. 
In order that the condition of the tube as to cleanliness should 
not affect the results, all the tubes used for testing were 
thoroughly cleaned every ten or twelve tests. 

Tests were made on 1 in. outside diameter Admiralty tubes 
under various conditions, and also with tubes of the other 
materials referred to on p. 137. The results obtained with 
a new 1-in. Admiralty tube with various water velocities are 
shown in Fig. 56, where the rate of heat transmission has 
been plotted on a velocity base. In one set the steam inlet 
temperature was about 126° F. and in another about 187° F., 
from which it is seen that the steam temperature does not 
seem to have had any appreciable influence on the rate of 
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heat transmission. The cooling water inlet was about 50° F . 
and the rise of temperature obtained was rarely more than a 
few degrees. 

A similar series of tests were made with a 1-in. Admiralty 
tube taken from an old condenser and which had therefore 
become corroded to some extent. The results obtained with 
a steam temperature of about 135° F. are also shown plotted 
in Fig. 5 the cooling water inlet temperature being about 
50° F. as in the other tests. It will be noted that the rates 



Fig. iiO. — ^Hato of heat transmission from Orrok’s 
eondonsor experimonts. 


of heat transmission were appreciably lower than those 
obtained with the new tube. 

The corresponding values of M from equation 5, p. 29, 
taking T^ as the inlet steam temj)erature are shown plotted in 

Fig. 57 using the value of ^ =204 for this apparatus. 

m2 

Various other tests were made at constant water velocity 
with various degrees of vacua as well as some with various 
temperatures of the inlet water. Although the results obtained 
may be interesting it is not proposed to describe or to discuss 
these tests at length because the results will be to some extent 
dependent upon the outlet temperature of the water of con- 
densation and air and no definite information was given of 
these values. 
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The influence of the various tube materials on the rate of 
heat transmission was summarised by Mr. Orrok, and it would 
perhaps be worth while to quote this : ‘‘ Taking the heat 
transmission for the copper tube as 1, under similar conditions 
the transfer for other materials was approximately as follows : 

Copper 1-0 ; Admiralty *98 ; aluminium lined -97 ; Ad- 
miralty oxidised (black) *92 ; aluminium bronze -87 ; cupro- 
nickel *8 ; tin -79 ; Admiralty lead lined *79 ; zinc *75 ; 
Monel metal *74 ; Shelby steel -63 ; old Admiralty (badly 
corroded) -55 ; Admiralty (vulcanised inside) -47 ; glass *25 ; 
Admiralty (vulcanised both sides) *17.” 



Fia. 57. — Values of “M” from Orrok’s condenser experiments. 


All the tubes were 1 in. outside diameter, and thickness 
18B.W.G., except the copper tube 16B.W.G., Admiralty 
lead , lined *088 in., and tin *055 in. thick. The velocity of 
the water was 8*6 ft. per second in the experiments made for 
the above comparisons. 

The above ratios should only be regarded as a measure of 
the influence of the material of the tube on the total resistance 
to the flow of heat between the steam and the water under the 
particular conditions of operation. If, for example, the 
velocity of the water had been much lower than 8*6 ft. per sec., 
the resistance to heat-flow between the tube surface and the 
water would have been correspondingly higher and the resist- 
ance of the tube proportionally smaller compared with the 
total resistance between the steam and the water. In other 
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words, the lower the velocity of the water the less important 
is the material and thickness of the tubes. 

The illustration in Fig. 58 shows the apparatus used by 
J. K. Clement and C. M. Garland* working with steam above 
atmospheric pressure. The apparatus consisted of the steam 
jacket P having flanges and stuffing boxes at each end through 
which passed a cold-drawn steel tube, of outside diameter 
1*253 in. and inside *985 in. Each end of the tube had a flange, 
and a rubber joint | in. thick was inserted to prevent excessive 
conduction of heat along the tube to the inlet or outlet water- 
pipe. Temperatures of steam and water were measured as 
shown in the illustration, baffles being inserted in the water- 





pipe at inlet and outlet to break up the flow of water near the 
thermometers. The water was taken from a constant head 
tank, located about 25 ft. above the tube, which permitted 
a maximum velocity of about 17 ft. per sec. The steam was 
admitted at C and bubbled up through the water in the 
jacket, which was kept at a constant level, and passed out 
with the air at the pipe D. The bubbling of the steam through 
the water got rid of the superheat of the steam due to throttling 
at the valve C. The steam pressure in the jacket, and there- 
fore the temperature, was maintained practically constant 
at the desired value by placing a safety valve on the outlet 
pipe D and allowing the steam to blow through this valve 

* “ A Study in Heat Transmission,” Bulletin No. 4, Sept., 1909, Univer- 
sity of Illinois Engineeiing Experiment Station, 
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during the tests. All the tests were made with the steam 
pressure at or above atmospheric pressure. 

The temperatures of the water were measured by mercury 
thermometers graduated in tenths of a degree, and readings 
could be estimated to hundredths of a degree Cent. The 



Fio. 59. — Rato of heat transmission from Clement and Garland’s 
condenser experiments. 


steam temperature was also taken by mercury thermometers 
with the bulbs in direct contact with the steam, allowance 
being made for the error due to the pressure on the bulb. 
The temperature of the steam wall of the tube was obtained 
by means of copper-constantan thermo-couples and a Siemens 
and Halske millivoltmeter. The couples were placed at G 
in Fig. 58. The ends of the copper and the constantan 
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wires forming the couple were soldered into small holes, 
about 3^2 in. diameter and about in. deep, which were 
drilled in the surface of the tube. The leads were brought 
out through small glass tubing to the flanges at HH, and then 
between two rubber joints placed between the flanges. The 
mean temperature of the tube was taken as the average of 
the temperatures taken with the two couples. 

The inlet temperature of the water varied between different 
tests only from 57° F. to about 67° P., and four sets of tests 
were made with steam temperatures varying from about 
211° F. to about 330° F. 

The rates of heat transmission from the steam to the water 
have been calculated from the tabulated values in the bulletin. 


» Stea/n Inlet 


Thermometer Pocket 



y?/n Water l/ile^ 
with Control Valve 


^ Value oF Constants 
A rea oC Steam Flow •! 8 Sq m 
Surface of Tube m 
contact with steam •‘•SFFSq Ft 
Area of water flow - l9BSqin. 
Surface of Ti ‘ 
with Water * 


era Qf t fvrw — 

"face of Tube m contacc 
■ 34TSq. ft 


m m. Water Outlet 

Thermometer Pocket 
^4 m Steam Outlet to 
second Condenser 


Fig. go. — C ondenser used by O. C. Webster. 


The results are plotted in Fig. 5!) on a water veloeity base for the 
tests made at the various steam temperatures, and the curves 
suggest that tlie higher the steam temperature the greater 
is the rate of heat transmission. This may be due to the 
increased density of the steam as distinct from the tempera- 
ture, and possibly to somewhat higher steam velocities. As 
regards the tube temperatures it is proposed to discuss this 
later on p. 196. 

Using equation 6, p. 29, the various values of M were 
calculated and also plotted in Fig. 59. The steam tempera- 
tures T, were taken to be those recorded in the tests. 

The condensation of steam at pressures above the atmo- 
spheric pressure has also been investigated by G. C. Webster.* 

* “ Some Experiments on the Condensation of Steam,” Trans, Inst. Engs, 
an^ Shi'pbds, in Scotland, Vol. LVII, 1913”-X4, 



TRANSMISSION OF HEAT IN CONDENSERS 141 


These experiments were made in the mechanical engineering 
laboratories at The Royal Technical College, Glasgow, with 
the apparatus shown in Fig. 60. This consisted of a single 
copper tube condenser, with the steam condensing on the 
outside and the water flowing inside the tube, the copper 
tube being adopted to ensure uniformity of the material of 
the tube. Special arrangements were made at the end con- 
nections to the tube to minimise endwise conduction of heat 
along the tube, and all these end connections were well covered 
to prevent excessive losses of heat to the atmosphere. The 
thermometer pockets were also specially designed to minimise 
the influence of conduction along the pocket. The tempera- 
ture of the tube was obtained at two or three positions by 
means of thermo-j unctions arranged as shown in the illustra- 
tion, the details of which are fully discussed on p. 122 in 
The Measurement of Steady and Fluctuating Temperatures, 
When running the experiments the steam was led to a second 
surface condenser to complete its condensation, so that the 
weight of steam passing through the condenser could be 
measured in a tank on a weighing machine. 

A series of tests with constant water velocity and constant 
inlet temperature, the tube temperatures being varied, was 
run for each of the following velocities : 1-75, 2*74, 3*92, 6*46, 
9*8 and 12T5 ft. per sec. Also, for pressures of 18, 26, 32, 37, 
47, 70, and 90 lb. per sq. in. abs. a series of four experiments 
with about constant steam velocity and with various surface 
temperatures was run, this series being repeated for four or 
more different steam velocities. 

The cooling water was taken from the town’s main, entering 
the tube at a temperature of about 45° F. It was found that 
the flow could be maintained constant within a variation of 
1% or less, and the quantity was measured in tanks on weigh- 
ing machines sensitive to within 2 oz. The thermometers 
used were calibrated against standard thermometers. The 
steam supply was obtained from a steam main and entered 
the condenser under approximately dry saturated conditions. 
The temperature of the steam leaving the condenser was 
usually not more than 2 or 3 degrees Fahr. below the inlet 
temperature. This drop would probably be partly due to 
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Fig. 61. — Rate of heat transmission from Webster’s condenser experiments. 
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a small drop of pressure through the condenser and partly 
to the increased partial air pressure as the steam condensed, 
though it is evident that the amount of air in the steam 
could only be quite small, in fact, only the air in solution in 
the boiler feed water. 

For these experiments the writer has calculated the rates 
of heat transmission from the steam to the water by means of 
equation 2, p. 121, taking as the inlet steam temperature. 
The values obtained are shown plotted in Pig. 61 on the base 
of water velocity. An inspection of the points indicates that 
the higher the steam pressure and temperature the greater 
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Fig. 62. — Ratio of steam entering to steam condensed in 
Webster’s experiments. 


is the rate of heat transmission, though the influence of steam 
pressure is somewhat obscured by the effect of varying the 
weight of steam passing through the condenser. Values of 
M, obtained by using equation 5, p. 29, are also shown in 
Fig. 61, again using the inlet temperature of the steam T,. 
These values, though erratic in some cases, give a fairly 
definite indication of the variation of M with the water velocity. 
For the purpose of reference the ratios of the amount of steam 
entering the condenser to that condensed have been plotted in 
Fig. 62 on the water velocity base. 

That the weight of steam flowing through the condenser 
had a small influence on the rate of heat transmission in these 
experiments is evident from the results shown in Fig. 63. 
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Here the rate of heat transmission from the steam to the water 
has been plotted on the base of pounds of steam entering the 
condenser per minute, the numbers opposite the points signify- 
ing the velocity of the water in feet per second. Points having 
similar water velocities have been joined by lines, and, 



Fia. 63 . — ^Uatos of heat transmission for different series of 
tests fi om Webster’s condenser experiments. 


generally speaking, indicate a small increase in the rate of 
heat transmission when the weight of steam-flow increases, 
which seems to be the most marked at high water velocities, 
as would also be anticipated to some extent from the results 
of the writer’s experiments shown in Fig. 65, p. 133. The 
question of the tube temperatures in these experiments is 
deferred to p. 193. 
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Comparatively few results are available of any extensive 
series of experiments made on multiple-tube surface condensers, 
or, at any rate, where there is also evidence of reasonable 
precautions having been taken to ensure accurate measure- 
ments ; and it may be further remarked that, although the 
experiments available were made within recent years, in some 
cases the condenser arrangements used are now considered 
to be somewhat out of date. 

An elaborate series of tests have been conducted by R. W. 
Allen,* on a surface condenser of 300 sq. ft. tube surface 
(steam side) where the lower rows of tubes, representing 
about 10% of the total tube surface, were submerged in the 
water of condensation, the effective steam condensing surface 
being therefore about 270 sq. ft. The following values repre- 
sent the principal dimensions of the tubes : — 


Number of brass tubes 464 

Length between tube plates 4 ft. 

External diameter of tubes *625 in. 

Internal ,,,,,, -529 ,, 

Number of water passes 2 


The condenser shell was cast iron and circular in section. 

The steam for condensation was taken from the main steam 
supply of the works boilers, at a pressure of 200 lb. per sq. in., 
with a superheat of about 80"^ to 90° F., and passed through 
a reducing valve from which it issued at a pressure varying 
between 9 lb. and 26 lb. per sq. in. It was then led to the 
bottom of a large circular receiver, whence it passed through 
a short length of cast-iron pipe, 15 in. diameter, direct to 
the condenser. The receiver contained water to a depth of 
about 18 in., and arrangements were made for admitting water 
as required from the town mains. Inside, and resting on the 
bottom of the receiver below the water-line, a perforated 
copper pipe was fitted, and the steam from the reducing valve 
entered this pipe and passed through the perforations into the 
water and up into the steam space. The steam thereby lost 
nearly all its superheat and gave practically dry saturated 

* “Surface Condensing Plants and the Value of the Vacuum Produced,” 
Proc. Inet. G. E,, Vol. CLXI, 1904-05, Part III. 

L — H.T. BC.E. 
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steam at the condenser pressure. In the upper portion of the 
receiver a perforated diaphragm was fitted to prevent moisture 
passing over into the condenser with the steam. Special pre- 
cautions were taken to prevent leakage of air into the receiver 
from the atmosphere. 

The air-pump was of the Edwards type, three throw, the 
diameter of each barrel being 10 in. and the stroke 7 in., 
but only one of the barrels was used during the recorded 
tests. The water of condensation was pumped into measuring 
tanks. The circulating water was obtained from a tank 
close to the condenser, and was cooled after leaving the 
condenser by means of a vertical cooling tower. The circu- 
lating pump was of the centrifugal type, direct driven by an 
electric motor. The quantity of circulating water was measured 
by a weir having a rectangular notch 15 in. wide attached to 
the discharge side of the condenser, and the water then fiowed 
into the tank below the coohng tower, an auxiliary pump 
being used for the cooling tower. The thermometers were 
repeatedly checked by a standard thermometer and all the 
vacuum readings were recorded by mercury columns. Kcfer- 
ence to steam tables showed that the recorded steam temj^era- 
tures and vacua were in fairly close agreement. 

Great difficulty was at first experienced in keeping the 
system air-tight on account of the numerous joints. This 
necessitated continual testing, and before any reading was 
accepted a minimum vacuum efficiency of 98-5% was main- 
tained. Towards the end of the tests, however, a vacuum 
efiiciency of 99% was recorded, and on many occasions it was 
as high as 99*5%. The term '' vacuum efficiency ’’ was taken 
to represent the following ratio : — 


Vacuum efficiency = 


Actual vacuum (barometer 30 in.) 
Vacuum corresponding with temp, of 


air-pump discharge (barometer 30 in.) 


Four complete sets of experiments were made with this 


condenser, and the quantity of steam condensed in a complete 


test varied approximately as follows : — 


(а) 1500 lb. per hour, or 5-00 lb. of steam per hour per sq. ft. of tube 
surface (300 sq. ft.). 

(б) 2000 lb. per hour, or 6*68 lb. of steam per hour per sq. ft. of tube 
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(c) 2500 lb. per hour, or 8*35 lb. of steam per hour per sq. ft. of tube 

surface. 

(d) 3000 lb. per hour, or 10 -00 lb. of steam per hour per sq. ft. of tube 

surface. 

In each set of readings, the temperature of the circulating 
water at the condenser inlet was kept approximately constant, 
the values for the respective sets of tests being approximately 
65° F., 70° F., 75° P., 80° P. and 85° F. In order that the 
readings should be reliable the tests were repeated until con- 
sistent readings were recorded. The volumetric capacity of 
the air-pump was the same in each set of tests, namely, about 
0*75 cu. ft. per pound of steam condensed, the speed of the 
air-pump being varied to suit these conditions. 

The recorded vacua are shown plotted in Fig. 64 on a 
water velocity base, from which an inspection will show how 
the vacuum varied with the velocity of the water, with the 
inlet temperature of the water, and with the rate of con- 
densation. For purposes of comparison the ratio of the circu- 
lating water to the steam condensed has been plotted also in 
Fig. 64, and, evidently, mean straight lines nearly passing 
through the zero point represent the general relation. 

The writer has calculated the rate of heat transmission, h, 
between the steam and the water, using equation 2, p. 121, 
and taking tlic measured steam inlet temperature as T^. 
The values obtained, based upon 270 sq. ft. of effective surface, 
arc shown in Fig. 65 on the base of water velocity. Although 
the values seem to be somewhat erratic the results show that 
in general the value of h increases with the increase in the 
temperature of the inlet circulating water. The reason for 
this is not at first evident, but it is probably mostly due to the 
influence of the conditions on the steam side of the tubes, 
that is, of the relative amounts of steam and air present at the 
various parts of the condenser. To some extent also it is due 
to the reduced viscosity of the water, as represented by 
equation 11, p. 119, of Heat Transmission by Radiation, Con- 
duction, and Convection, It might have been expected that 
an increase in the rate of condensation would cause an 
increase in the value of h, but the results in Fig. 65 are too 
erratic to lead to any definite conclusion in this respect. 
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The values of M from equation 6, p. 29, have been calcu- 
lated and are shown plotted in Fig. 65. 

Extensive series of experiments on surface condensers have 
been made by Professor R. L. Weighton* at the Armstrong 



Fia. 65. — Rate of heat transmission from Alien’s condenser exporiraonts. 


College, Newcastle-on-Tyne. Four different condensers were 
used connected up to the low-pressure cylinder of a quadruple 
expansion engine. These condensers were of two types, 
referred to subsequently as “ Old Type ” and New Type. 
In Fig. 66 is shown a transverse section through the old con- 

♦ “ The Efficiency of Svirfaoe Condensers," Jmt, oj Naval Aroh., 10Q0( 
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denser and through the new condensers. The old condenser 
formed a normal part of the experimental engines in the 
laboratory, and, it will be noted, is rectangular in cross-section, 
which is a common form adopted until within recent years for 
vertical engines of the type shown in the figure. The total 
condensing surface of this condenser was 170 sq. ft. The 
tubes were f in. external diameter by 4 ft. long between the 

CONDENSERS' 

. N'?2«.3 ' I 



Fig. 06. — Arrangement of condensers in Professor Weighton’s experiments. 


tube plates, and pitched l^^in. centre to centre. The con- 
densing water entered at the bottom and left at the top, after 
circulating twice through the tubes, thus giving an effective 
tube length of 8 ft. 

In the new type No. 1 condenser contained 170 sq. ft. of 
tube surface, with tubes | in. external diameter by 4 ft. long, 
pitched 1-| in. centre to centre. The condensing water circu- 
lated five times, thus giving an effective tube length of 4x5= 
20 ft. This condenser proved much too large for even the 
maximum quantity of steam the engine could take, and 
No, 2 condenser was therefore made, containing 100 sq. ft. 
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of surface, and having tubes | in. external diameter by 4 ft. 
long by 1 in. pitch. The water was at first made to circulate 
eight times, giving an effective tube length of 32^ft. 


N? Z CONDENSER 



SECTION THROUGH A.B. SECTION THROUGH CO 


Fig. 67. — ^Type of surface condenser used in 
Weighton’s experiments. 

Alterations were made to the condenser doors and a circula- 
tion of four times was finally adopted, giving an effective 
tube length of 16 ft. No. 2 condenser is shown in Pig. 67, 
which figure will serve to illustrate this type generally. No. 2 
condenser, proving to be of ample size for the amoimt of 
steam available, a No. 3 condenser was built with tubes only 
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2 ft. 6 in. long, giving a surface of 62 sq. ft., but otherwise 
the same as No. 2 condenser, the water circulating four 
times. 

One feature of these new condensers was the compartment 
drainage of the water of condensation. It is seen that these 
condensers were divided into three compartments by two 
diaphragms, somewhat inclined to the horizontal, and it was 
intended that the water of condensation in each of the three 
compartments should drain off directly from that compart- 
ment, the main idea being to prevent the water from the 
tubes in one compartment dripping over the tubes below, 
and to drain the water at the highest possible temperature. 
It will be noted also that the area available for the flow of 
steam decreased from compartment to compartment. Care 
was taken that in all cases the tubes were in a clean state w’hen 
the tests began, so that, in this respect, the different types 
might be on the same basis. 

A large number of tests were made, both on the old and on 
the new condensers, using the air-pump attached to the 
condenser of the experimental engines. This pump is of the 
usual vertical single-acting bucket type, driven by levers from 
the L.P. crosshead, and is 8| in. diameter by 9 in. stroke. 
Throughout these tests the engines were run at a standard 
speed of 140 revolutions per minute, thus fixing the pump 
capacity per unit of time. 

Subsequently a three-throw Edwards air-pump was installed 
and driven independently by electric motor. These pumps 
were purposely made of somewhat abnormal size and the 
motor was capable of a wide range of speed. Each pump 
was 8-in. diameter by 8-in. stroke, and so arranged as to be 
capable of working single, double, or triple, in series or in 
parallel, and with or without a cold water spray in the base 
of the air-pump suction pipe. 

The engine exhausting into these condensers was quadruple 
expansion, the cylinder diameters being 7, 10 J, 15|, and 23 
in. by 18-in. stroke. The steam supplied to this engine had 
a maximum pressure of 210 lb. per sq. in., and was super- 
heated to an average of about SO® measured at the high 
proeaure steam ehest, 
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After making a large number of preliminary experiments 
to ascertain the best method of experimenting the following 
method was adopted. For a given condenser the steam 
supply to the engine was adjusted to give the desired rate of 
condensation per square foot of tube surface. Then a series 
of tests — usually five — were made at this rate with different 
quantities of condensing water. Care Avas taken that the 
intervals between the tests were of sufficient duration to enable 
the new conditions to attain stability. The condensing water 
was taken directly from the city mains at an inlet temperature 
ranging from about 40° F. to 65° F. over the period of the 
whole tests. In the results about to be considered, however, 
the water inlet temperature was practically constant over 
each set of the series of tests, and then varying only between 
40° F. and 50° F. in the different sets of tests. 

Several series of tests were made with a falling vacuum as 
against a rising vacuum and it was found that, provided a 
sufficient interval elapsed between any two consecutive tests, 
there was no sensible difference in result as between falling 
and rising vacuum conditions. Precautions were taken 
against excessive air leakage into the condenser at the piston- 
rod glands and exhaust pipe joints, etc. 

Two calibrated vacuum gauges as well as a mercury column 

were used on each condenser. Care was 

taken to measure the true vacuum by fitting 

a curved projecting nozzle to the gauge pipe 

inside the condenser and turning it round in 

all directions to observe the effect while a 

test was in progress. In no case was it 

found that the flow of steam past the tube ^ ^wooTin tubL in 

or nozzle produced any ‘‘ induced ” effect Weigh- 

, , , , . « ton s condenser 

on the recorded vacuum. Except m a few experiments. 

cases the measured vacuum at the bottom of 
the condenser was much the same as that measured at the 
top, and since it is the vacuum at the top of the condenser 
which influences the steam engine, in the subsequent dis- 
cussion this has been taken to represent the condenser vacuum. 

In some of the series of tests cores of wood of tri- 
fingular section, shown in Fig. 68 in fuU'si25e section, were 
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inserted in the tubes in order to increase the ratio 

I effective tube length , 

° These cores Were Hierely 

hydraulic mean depth of tube 

laths of hard wood rough from the saw, about 2 in. longer 
than the tubes, and simply inserted in the tubes without any 
fastening whatever. 

As already mentioned on p. 152, tests were made by 
Professor Weighton with various air-pump arrangements, 
and a typical example of the results obtained is given in 
Fig. 69 for the No. 2 condenser, the conditions obtaining 
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Fig. 69. — Influence of air-pump capacity on vacuum, 
Weighton* s experiments. 


being indicated in the figure. Three different sets of 
curves are shown, viz, — for full power, half power, and 
quarter power, developed by the engines. It must be remem- 
bered that the air leakage is likely to increase in quantity 
with a reduction of load on the engines on account of the 
admission pressures in the L.P. cylinder being below atmo- 
spheric pressure at low loads. Thus the ratio of air to steam 
entering the condenser increases rapidly as the load decreases 
for the reason that the quantity of air leaking probably in- 
creases and the quantity of steam used decreases. The results 
in Fig. 69 show that, at full load, increasing the air-pump 
capacity beyond that giving -7 cu. ft. per pound of steam 
condensed did not result in any appreciable increase of 
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WATEB VELOCITY FEET PER SECOND 
0 M )24 Ufg 18$ 348 310 373 

I2 


ITig. 70. — Vacuum and ratio of circulating water to 
steam condensed, from Weighton’s condenser 
experiments. 
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vacuum. At half and quarter loads, however, an increase of 
air-pump capacity caused a definite increase of vacuum 
throughout the range of capacity employed. 

For purposes of reference and comparison, the recorded 
vacua (barometer 30 in.) obtained in the various tests with 
the several condensers are shown plotted* in Fig. 70 on a 
base of water velocity through the tubes. The curves show 
distinctly that in each condenser the vacuum decreases for 
any given water velocity as the rate of condensation increases, 
which, of course, is what would be expected when the inlet 
temperature of the water is practically constant. There is 
also shown in Fig. 70 the ratio between the condensing or 

circulating water and the — . The latter 

mentioned value has been taken in preference to the weight 
of steam condensed, and it assumes that a pound of steam in 
condensing would give about 1000 B.Th.U. to the water. 
The general relation between the above-mentioned ratio and 
the water velocity is seen to be a series of straight lines nearly 
passing through the origin, as was the case in Allen’s experi- 
ments shown in Fig. 64, p. 147. 

The writer has calculated from the tabulated results of 
Weighton’s experiments the rates of heat transmission, Ti, 
between the steam and the water, using equation 2, p. 121, 
and taking the steam temperature T^. to be the measured inlet 
temperature. The results are shown plotted in Fig. 71 on a 
water velocity base. An examination of the points in this 
figure shows the very large variations in the rate of heat 
transmission obtained at any given water velocity, and with- 
out doubt this is principally due to the influence of air in the 
condenser. It will be noted that, generally speaking, the higher 
the rate of condensation the higher is the rate of heat trans- 
mission shown by the points in this figure. Making use of 
equation 5, p. 29, the corresponding values of M are shown 
in Fig. 71, and these indicate similar wide variations in their 
values. 

Professor E, Josse made some experiments on the surface 

* Kefer to Fig. 71 for the desoiiption of the ohwacter and ji^ewng of 
fhe efifferent points, 
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condenser referred to on p. 163. The rates of heat trans- 
mission obtained are shown in Fig. 72 plotted on the base of 
water velocity, for the usual vacua varying from about 96% 
down to about 89% of the normal barometric pressure. In 
one set of tests baffle strips or retarders,’’ supplied by Pape, 
Henneberg and Co., of Hamburg, were inserted in the tubes. 

Compared with the results 
without baffles in the tubes 
it is seen that in this case 
there was apparently a large 
increase in the rate of heat 
transmission by their use. 

Having regard to the 
increase of resistance to 
the flow of the water it is 
doubtful whether retarders 
in condenser tubes are 
really more effective than 
plain tubes. In other 
words, the same pressure 
difference with plain tubes 
of suitable length could give 
a higher velocity of flow 
and probably as high a 
rate of heat transmission as 
when retarders are used 
suited for the same total 
resistance to the flow. 

The Influence of Air in the Steam on the Rate of Heat 
Transmission. — It was clearly demonstrated on p. 110 that 
most of the air which finds its way into a surface condenser 
under ordinary conditions of operation is due to leakage, and 
that only a small proportion is due to the air originally in 
solution in the feed water supplied to the boilers. The air 
affects the transmission of heat in two ways : — 

1. As was shown on pp. 101 to 104 the pressure of the air 
reduces the partial pressure and the temperature of the steam 
for a given vacuum as the mixture of steam and air flows 
through the condenser ; and 
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2. The air tends to prevent intimate contact between the 
steam and the tube surface, particularly so if the condenser 
is not well designed to prevent stagnation on the steam side 
of the tubes. 

Experiments will now be considered which demonstrate 
the influence of air on the rate of condensation and on the 
rate of heat transmission. 

A suggestive series of experiments referred to further on, 



Fig. 73. — Experimental condenser used by 
J. A. Smith. 


p. 173, have been made by J. A. Smith* on a small surface 
condenser, but, unfortunately, the conditions of the experi- 
ments did not represent those in ordinary surface condensers, 
except perhaps in badly designed condensers having stagnant 
spaces. His apparatus consisted of a cylinder about 3 ft. 
long and in. diameter arranged as shown in Fig. 73. All 
the joints were folded, soldered, and then tarred to prevent 
air leakage, so that not more than a reduction of tV in. of 
mercury in the vacuum occurred in 24 hours. Two tubes, of 
hard mandrel drawn brass, were connected in series, having a 

* “ Experiments on Surface Condensation,” Victorian Inst, oj Engs., 6th 
Deo., 1905 ; or Engineering, 23rd March, 1906, Vol. LXXXI. 
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total length rather more than 6 ft. and an external surface of 
exactly 1 sq. ft. exposed to the steam in the cylinder. The 
tubes were | in. external diameter and -018 in. thick. Ther- 
mometers were inserted in the water at every foot length of 
tube, arranged as shown in Pig. 73. Precautions were taken 
to ensure accuracy by calibrating all thermometers, and by 
ensuring constant conditions during the course of each experi- 
ment. Before a series of experiments was commenced, the 
air was pumped out by an ordinary air-pump or syringe to 
about 1 in. pressure of mercury ; the heating gas-jets were 



PARTIAL PRESS. OF AIR (at 70°F)INS OF MERCURY 

Fig. 74. — Heat transmitted througli condenser tidjo at 
various partial pressures, from Smith’s experiments. 


then lit and the water heated until the mercury gauge or the 
thermometer indicated a pressure of about 2 lbs. per sq. in. 
above the atmosphere and the steam was then allowed to 
escape at the stop plug until the water level in the cylinder 
had fallen to the bottom edge of the observation window. 
The plug was then replaced, thus sealing the cylinder, and 
the apparatus was then allowed to cool. When cool a perfect 
water vapour vacuum was obtained and the water readily 
boiled at 70° F. Measured quantities of air could then be 
allowed to pass into the cylinder at a special connection and 
the measured increase of partial pressure was used to check 
the measured quantity. 
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During an experiment cooling water was allowed to flow 
through the tube at a definite rate, and the steam condensed 
on the outer surface, the temperature conditions being kept 
constant by regulation of the gas-jets. Thus the water of 
condensation would fall back into the boiling water. Tests 
were first made at steam temperatures from 70° F. to 140° F., 
at 10° intervals, but without air in the vessel. Then a constant 
steam temperature was maintained and the air pressure varied 
between tests, the process being repeated at various tempera- 


Variation of Observed Points from Computed Lines 




f f 


■TV,. 


100 


a so] 

D 

a 60 

lAi 

a 

2 

^ 40 


n 

n 






~ 










H 






































/ 

/ 










T 





L. 







0 2 4 6 8 10 12 14 16 18 20 

TUBE LENGTH FEET 

Fig. 75. — ^Temperature of water along con- 
denser tube in Smith’s experiments. 


tures. In all these tests the cooling water was arranged to 
flow at the constant rate of 10 lb. per min., that is, about 1*49 
ft. per sec. 

In the paper the results obtained were plotted and a series 
of curves drawn through the points, but as the points lay on 
the curves in nearly every case it would hardly be worth while 
reproducing them here. The results are sufficiently well 
represented by the interpolation curves shown in Fig. 74. 
The base line represents the partial air pressures reduced to 
70° F., the right-hand scale shows the vapour temperatures 
and the left-hand scale the B.Th.U. transmitted per sq. ft. 

M— H.T. B.C.E. 
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per second. The reduction of the air pressure to 70° F. was 
obtained as follows : If a;° F. is the temperature in the vessel 
during the experiment, then, 

Partial air pressure at 70° F._460 + 70 
Partial air pressure at F. 460 +x 



Fig. 76. — Rate of heat transmission from 
Smith's condenser experiments. 


Referring to Fig. 74 it would be seen that at small values 
of the air pressure the heat transmitted decreases rapidly 
with increase of air pressure. It must be again noted, however, 
that these results refer only to what might be called stagnant 
conditions, since the steam side of the tube was not swept by 
a stream of fluid. 

In Fig. 76 the temperatures of the water along the 6 ft. 
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length of tube are shown plotted for two tests. The points 
were found to fall in very closely with the law that the trans- 
mission of heat is proportional to the difference of temperature 
between the steam and water. The mean lines have been 
extended both ways according to this law to show more 
clearly their general nature, line A referring to nearly air-free 
steam and line B to steam with a partial air pressure of *22 
in. of mercury referred to 70° F. The vapour temperature in 
both cases was 110° F. and the velocity of the cooling 
water 1*49 ft. per second. The curves in Fig. 76 show the 
corresponding rates of heat transmission from the steam 
to the water for the two conditions just specified in connection 
with Fig. 75, calculated by means of equation 2, p. 121. 

The values of M in the equation 5, p. 29, are also shown 
plotted in Fig. 76 for the conditions just specified. 

Professor E. Josse,* of Charlottenburg, has made some 
experiments on a surface condenser in connection with a 
Parsons turbine of 300 kilowatts. The following are the 
principal dimensions of the condenser : — 

Cooling surface 89 sq. m. (956 sq. ft.) 

i Internal diameter ... 18 mm. (-71 in.) 

Tubes < External diameter . . 20 mm. (-79 in.) 

( Length between tube plates. 2300 mm. (90*5 in.) 

Number of tubes (upper set) . . 346 

„ ,, ,, (lower set) . . 342 

Total . 688 

Total area cross -section of tubes (upper set) *0879 sq. m. 

(136 sq. in.) 

„ „ „ „ „ (lower set) -0868 sq. m. 

(135 sq. in.). 

Thermo-couples were inserted in the water in the tubes to 
measure the temperature of the water at different points 
along the length. The black dots in Fig. 77 show the experi- 
mental points obtained with very little air in the condenser, 
and the circles indicate calculated points obtained by taking 

“ Surface Condensers for Steam Turbines,” Engineering ^ Dec. 11th, 
1908, being a summary of paper read at summer meeting of Schiffbautech- 
nische Gesellschaft in Berlin, 1908. 
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the flow of heat to be proportional to the difference of tempera- 
ture between the steam and cooling water. It is seen that 
these points practically coincide with the mean curve drawn 
through the experimental points. 

The influence of air on the rise of the temperature of the 
cooling water is shown in Fig. 78. Curve 5 was obtained with 
only a small amount of air in the exhaust steam, whereas 
curve 6 concerns a case in which 9*6 kgm. (21*2 lb.) of air 
W'ere allowed to leak per hour. In both cases there was little 


Cooling water 34 45 lbs per sec. 



Fig. 77. — Average tempera- 
ture of water along con- 
denser tubes in Josse’s 
experiments with very 
little air leakage. 



Fig. 78. — Average tempera- 
ture of water along length of 
condenser tubes in Josse’s 
experiments with air leakage 
into condenser. 


or no rise in the mean temperature of the water for some dis- 
tance from the inlet end of the tubes, and curve 6 shows that 
no appreciable rise of temperature occurred at all in the 
bottom set of tubes. These results might be compared with 
those given later on p. 170. 

For comparison it may be mentioned that, with this 300-kw. 
Parsons turbine working under ordinary conditions, the normal 
leakage of air was not more than *25 kgm. per hour (-55 lb.) 
when 3000 kgm. of steam (6600 lb.) were condensed per hour. 

The influence of air on the performance of condensers has 
been discussed to some extent by T. C. McBride, of Phila- 



TRANSMISSION OF HEAT IN CONDENSERS 165 


delphia.* He gave the results of a few experiments on a large 
condenser attached to a steam turbine and in which the 
leakage of air was fairly large. The condenser evidently had 
three water passes and the approximate temperatures of the 
steam were measured between the passes as well as those of 
the circulating water. The condenser dimensions were not 
given, but the data given in Tables 12 and 13 are based on 
some of the results given in the paper. 


TABLE 12 


Test Number. 

1 

2 

3 

4 

1. Ratio steam being condensed to giiar-"| 





anteed capacity of condenser (water ] 





inlet 70"^ F. and 28 in. vaciuiin) . j 

•74 

.67 

•38 

•275 

2. Vacuum in exhaust (30 in. bar.) in. mercury 

28 03 

28-18 

28-28 

27-34 

3. Corresponding temperature, ”F. 

1010 j 

97-8 

95-9 

109-4 

4. Air pump suction tompernture, ”F. . 

50-7 

58 

58 

56-2 

5. Equivalent steam pressure, in. mercury 

•46 

•48 

•48 

•45 

g Air pump displacement 

52-6 

58-0 

105 0 

143-5 

‘ Voliuue water of (‘.ondemsation 

1 




7. Air-pump displacement per lb. water of 





condensation, cm. ft., approximate 

•88 

•97 ; 

1-75 

2-4 

8. Steam condensed per .«q. ft. per hour, lbs. . 

5-62 

5-1 

2-85 

2-07 


TABLE 13 


1 

2 

3 

1 ^ 1 

!> 1 

I 0 1 


1 8 

9 

10 

1' 

Tost 

No. 

Nest of j 
tubes. 

Steam temperatures, "F. 
(Approximate.) 

Water temperatures, "F. 

Temp. 

(litf. 

’F. 

li.Th.U. 
per sec. 
per sq. 
ft. 

B.Th.U. 
per sec. 

! per s(|, 
ft. per 
°F. (liff. 

Enter- 

iiig. 

Leav- 

ing. 

Moan. 

Enter. 

ing. 

Leav- 

ing. 

Mean. 


Top 

lOl-O 

9M 

96-0 

56 

66 

61 

35 

3-62 

•103 

1. 

Middle . 

9M 

63-6 

77-3 

53 

56 

54-5 

22-8 

1-08 

•0475 


Bottom . 

63-6 

55-3 

59-4 

52 

53 

52-5 

6-9 

•36 

•0525 


Top 

97-8 

91-7 

94-8 

56 

66 

61 

33-8 

3-26 

•0966 

2. 

Middle . 

91-7 

62 0 

76-8 

53 

56 

54-5 

22-3 

•97 

•0434 


Bottom . 

62-0 

56-0 

59-0 

52 

53 

52-5 

6-5 

•32 

•0500 


Top 

96-0 

89-3 

92-6 

54 

60 

57 i 

35-6 

1-84 

•0517 

3. 

Middle . 

89-3 

59-4 

74-3 

53 

54 

53-5 

20-8 

•31 

•0150 


Bottom . 

59-4 

55-6 

57 -5 

51-6 

53 

52-3 

5-2 

1 

•43 

1 

•0083 


Top 

109-4 

100-0 

104-7 

54 

57-5 

55-7 

49-0 

•76 

•0161 

4. 

Middle . 

100-0 

62-0 

81-0 

54 

54 

54-0 

27-0 

— 

— 


Bottom . 

62 0 

54-4 

58-2 

52 

54 

53 0 

5 -2 j 

•45 

•0086 


* Trans. Amer. Soc, J\fech. Engs., Vol. 30, June, 1903, 
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In a large condenser it is somewhat difficult to obtain the 
true steam and water temperatures at the various passes 
and it is probable that the number of significant figures given 
in columns 10 and 11 of Table 13 are hardly justified by the 
experimental conditions. However, an examination of column 
11 for any test shows roughly the influence of the air at the 
different portions of the condenser. An inspection of Table 12 
shows that the air-pump displacement was practically constant, 
since the products of lines 7 and 8 are constant, and it might 
be inferred that the leakage of air into the condenser was 
nearly constant, but if anything increased as the load de- 
creased, which is usual with steam turbines under ordinary 
conditions. Therefore, assuming the velocity of the circulating 
water was maintained constant, the differences in the values in 
column 1 1 of Table 1 3 as between the different tests exhibits 
the effect of the increase of the ratio of air to steam as the 
load on the turbine decreased, though probably the smaller 
the quantity of steam entering the condenser the greater is 
the liability to stagnation at some parts of the condenser. 

The influence of air leakage on the performance of a con- 
denser and on the temperature of the cooling or circulating 
water is again illustrated by the results given in Table 14. 
This condenser, installed in the mechanical engineering 
laboratory at The Royal Technical College, Glasgow, is of 
rectangular cross-section similar to the “ old condenser ’’ 
tested by Professor Weighton and discussed on p. 150. The 
tube condensing surface is 400 sq. ft., with two water passes. 
As shown in Table 14, in columns 14 and 15, the velocity of 
the water was very low, in fact, much below what is now 
considered ordinary practice, but higher velocities were not 
necessary in this case because the condenser is of large capacity 
compared with the amount of steam to be condensed. During 
the tests 1 to 6 the condenser was connected to an experimental 
impulse turbine designed to exhaust at about atmospheric 
pressure. The steam supply to the turbine glands was purposely 
shut off and thus in these tests there was a large leakage of 
air into the turbine casing. 

An inspection of the cooling water temperatures, columns 
11, 12, and 13, shows that from tests 1 to 4 the bottom or first 
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pass only became really effective when the condenser was 
supplied with comparatively large quantities of steam. In 
tests 4 to 6 the air-pump suction temperature was measured, 
and inspection of column 27 shows how low were the values of 

p 

where is the partial steam pressure at the air-pump 
Pf 

suction and is the total pressure at the top of the condenser. 
The results in column 25, calculated by use of equation 2, 
p. 121, illustrate how greatly the rate of heat transmission 
is influenced by the conditions on the steam side of the tubes. 

The tests 7 to 13 were made when condensing steam from 
a reciprocating engine, there being not more than a small 
leakage of air into the condenser. It will be noticed that the 
rates of heat transmission, shown by columns 23, 24, and 25, 
and calculated from equation 2, p. 121, were much the same 
in the bottom pass as in the top pass. The temperatures of 
the cooling water given in columns 11, 12, and 13, and the 
corresponding transmission of heat given in columns 17, 18, 
and 19, show clearly how effective was the bottom pass under 
these conditions of operation. The air-pump suction tempera- 
tures in column 7, by consulting steam tables, gave the data 
p 

for the ratio ~ in column 27. 

The low rate of heat transmission sometimes obtained in 
the lower portions of a condenser with the steam entering at 
the top, and largely due to the presence of air, is further well 
illustrated by the diagrams of temperatures shown in Fig. 79 
and Pig. 80, These were obtained from Professor Weighton’s 
experiments, the results in Fig. 79 referring to his No. 2 con- 
denser described on p. 151, and those in Fig. 80 to his No. 3 
condenser. Both condensers had four water passes, as is indi- 
cated at the base of the diagrams. The plotted points indicate 
the measured temperatures at the beginning and end of each 
pass, and those for each test are joined together by straight 
lines. The condenser vacuum and the weight of steam con- 

W 

densed per hour per square foot of tube surface — are 

S 

marked against each test in the diagrams in Fig. 79. In 



SURFACE CONDENSER 


168 


CONDENSATION OF STEAM 


196 

204 

400 

•405 

•421 



t'- L- »0 CM OO 

00 00 05 <M IT- <M CM 



2 

o 

O CO f- r-H CM 

O 00 CO io 05 

CO CO GO ob t- CO X(0 
p-H O CM O OM O 






^Bottom pass . 
sq. ft.-! Top pass 
^ Total 

/Bottom pass . 

- Top pass 

s 

4J . 

« “ 

Middle. 

O O O 

O CO rl( 1 1 

lO »o o »o 1 1 

i-H 

CO I-H QO CO 

O O CM 05 05 00 CO 

O 05 f-h 00 O 05 OO 

•S 

o 

Inlet. 

iO IC lO 

O O o CM CM CM 

GO QO GO ob ob ob 
^ ^ ^ ^ 

CO QO CO 00 CM CM 00 

CO CO t'- ob 05 CM -H 

Tt< T#< Tf -P+l ^ 

& 

rt . 

Mean. 

CD xo 05 CM 

»o CO r-H ob 00 

C5 1 xo C5 O ‘O 

^ I-H 05 CM 05 XO 

CO 05 'rh o 05 ob 

CM ^ ^ ^ ^ F-^ 

‘cfl 

-5 1 
11 

o| 

o* 

CO GO o CO OO 

»0 CO 1 OO OO OO 

05 ^ »0 05 o >-0 

xo CO r-H XO t-- CO CM 

I- CM CO CM CM O 

CM p-H CO I-H CO CM CM 

«+-l 

c4 § 


CM OO »0 CO 

t- l> 05 O JO CO 

J ^ 

93 

d B 
^ P4 j 

»0 O CM 00 >0 00 

05 --H xo 05 o »0 

O I-H 1- I-H CO CO 

CM I-H CM I-H CM P-H I-H 

<o 

P.| 

Sii 

.. ti 

(« C3 

£ 1 

QO CO CO 

05 05 05 OO o O 

§ s 

1 1 

cc 

Is 
^ 1 

2° 

® o 

1 1 1 t- ^ CO 

1 1 1 00 o ^0 

I-H I-H 

CO CO O O i-H 05 

CM p-H CO p-H CO CM I-H 

I-H I-H I-H I-H I-H p-H r-H 

^ o 

o 2 

6 ^ 

Measured 
steam tem- 
peratures, 
°F. 

lO CO CM 00 CM O 

CO »0 CM ob 

o o o o o o 

CM CM CM CM CM CM 

xo t;- CO 

I-H O -cH CM CO XO 

CO CM CO CM CO CM CM 

•75 in. 
•654 in. 

5 ft. 9 in. 
355. 

Abs. press. 

top of 
condenser. 

in. mer- 
cury, 

05 CO r-- 05 o CO 
>0 1;- O o 05 CO 

CO CO CO CO CO ob 

CM CM CM CM CM CM 

CO xo xc 05 xo 

xo CO CM CO CO CM 05 

CO XO CO XO CO 

1 Outside 
^Inside 
>e plates 

Vacuum 
top of 
condenser, 
in. mer- 
cury. 

t'- o 05 t-- CO 

CO XQ CM I-H CO 05 

CO CO CO hJH CO p-H 

XO xo 

05 xo CO CO QO CM -dh 

XO CO CD CO CO 

CM CM CM CM CM CM CM 

! ..s b 

rt g 

mgSS 

CO 

CM 

6 

CO 

CO XO -Ft ^ 

■yf QO -CM - r - 

6 05 "6 "'S 

CO CM CO ^ 

M 5 

rJ 0? ^ 

No. of 
Test. 

I-H CM CO *0 CO 

t- 00 05 O I-H OM CO 
p-H p-H I-H p-H 

0? (H 

1 II 

5 kSiz; 

Conditions of 
Tests. 

Exhaust 
steam 
from 
turbine 
(Large air 
leakage). 

Exhaust 

steam 

from 

recipro- 

cating 

engine. 



TABLE 14 {continued) 


TRANSMISSION OF HEAT IN CONDENSERS 169 


to 

F-( 10 00 O ^ 
0> 00 00 QO 00 00 00 


»0 00 00 O rH CO 
01 CO M O CO 


10 (M M 10 C» a ffO 
CO CO rH CO pH 10 


lo pH 01 lo (M lo 
CM lO (M O CO 
PH (M lO pH fM 10 
OOOOOO 


rH Cd 01 r- 10 pH 00 
CC t- 00 00 01 CO oi 
cc (M CM (N CM CM (M 

o o o o o o o 


CO (M CO CO 01 
CO 10 00 01 00 CO 01 
<M 01 (M (M 01 01 01 

o o o o o o o 


OO CO tp> CO ‘0 CO 
10 01 Ol 00 O 00 01 
CO (M 01 01 CO (M CM 

o o o o o o o 


temperature differ- 
ence, “P. 

■ 

2nd pass Whole 
(top), condenser, i 

CO lO lO >0 

(M CO CO »0 pH 

O 01 CO o 01 CO 

M M M 

(M O 

lb 01 cb cb 

CO X (M CO CO CO 

CO CO pH (M 10 

^ <6 CM fM cb X 01 
(M <M pH CM pH pH (M 

Alean 

1st pass 

(bottom). 

M 1 1 1 1 

CO X 9 p^ CO 

CO 00 cb pH pH pH 0 
10 Hic ^ 10 10 10 CO 

hour 

L 

Total 

con- 

denser. 

01 01 <M (N 
lO pH tH 01 10 

tH 00 (M »0 CO (M 

pf CO Ol CO IM (M Ol 
^^Ot^cO'-^t;- 

Hjc cb cb cb cb cb '<b 

’h.TJ. per 
per sq. f 
1000 

2nd 

pass 

(top). 

8-8 

15-9 

14-7 

10-3 

CO X t- I> 0 

0 X CM X CO 10 CM 

CM pH pH CM pH pH X 

B.T 

1st 

pass 

(bottom 

O <M <M , , 

<N 00 ^ CO 

Ol 

pH 0 X 

9 pH CD CM CO CO H# 

cb lb lb lb lb lb cb 

C ^ >1 



8 

lO 10 

10 CM 10 10 CO l> X 


CO CM O CO pH 

CO 10 CO 00 X 10 9 

S o-a 

eS 2 p'-' 

cb (M lo cb CO 

rjc cb cb cb cb cb ^ 


pH pH 


QQ03 M 




pH 10 O 

01 pH 1> cm 

® .• ^ 2 ft 

pH rjc l> CO 01 t' 

X CO t- 01 01 CM 


CM CO CO (M CM CO 

CM CM pH (M pH pH X 

- 






^ « E 

01 00 Tjc 10 

Ol I> Ttc Tf 

o ,« m 2 S 

pH 10 X l> O l> 

i I> 10 CO X 0 0 X 

^2 

CM CO X CM X X 

CM (M PH (M CM <M X 



170 


CONDENSATION OF STEAM 
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Fig. 79. — Temperatures of circulating water in Weighton’s condenser 
experiments. No. 2 condenser. 



Fig. 80. — ^Temperatures of circulating water in Weighton'^ 
QQHdenser experiments, No, 3 condenser. 
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diagram A the circulating water, 55,000 lb. per hour, entered 
at the top and left at the bottom of the condenser, whilst 
in diagram B the water, 64,000 lb. per hour, entered at 
the bottom and left at the top as in the usual practice. In 
both cases the steam entered at the top, and it would be 
noticed that the heat transmission in the bottom passes were 


W 

very small when the values of were small, but that when 

S 


w 

s 


was large the bottom pass was fairly effective ; also, a com- 
parison of the vacua obtained in diagrams A and B show that 
the usual practice of sending the water in at the bottom and 
out at the top of the condenser (diagram B), gave higher 
vacua than was obtained under the conditions for diagram A. 
Diagram C, Fig. 79, indicates the measured water tempera- 


W 

tures, steam condensed per square foot — , and the vacua 

S 


when the condenser had cores in the tubes of the two top 
passes of the form shown in Fig. 68, p. 153, and when passing 
42,600 lb. of water per hour. This diagram C shows the same 
general features as diagram B. 

The various series of diagrams in Fig. 80 were obtained. 


W 

each with the constant value of marked on the diagrams, 

b 


and with various values of the ratio of the circulating water 

Q 


to the steam condensed 


W, 


where refers to the weight 


of steam condensed when referred to standard heat conditions, 
as is explained on p. 156, and Q is the quantity of circulating 
water. These diagrams not only illustrate again how relatively 
ineffective the bottom portion of the condenser becomes when 


— is small, but they also show clearly that the bottom is 

S 

relatively more effective when ^ is small than when it is 
large. ^ 

To examine further the relations between the rate of heat 
transmission and the condenser conditions with respect to 
the presence of air the results shown in Figs. 81 to 84 have 
been deduced for certa^in of the condensers previously described, 
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In these figures the rates of heat transmission are plotted 
P 

against the ratio ~ at the condenser steam outlet. Fig. 81 


refers to the small double-tube condenser described on p. 132 
when condensing steam at atmospheric pressure, and has 
been derived from Fig. 55, p. 133, by selecting values from 



Fia. — Variation of rate of heat transmission, from 

Koyds’ condenser experiments. 


the curves in this figure. The full lines indicate the relation 

P 

between the rate of heat transmission and at different 

velocities of the cooling water, and the dotted lines show how 

p 

the rate of heat transmission varies with ~ at the difference 

1 - B.Th.U. per sq. ft. per hour . n i . 

values oi given by the numbers in 

the figure. Also, following any constant velocity line shows 
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how the rate of condensation given by the dotted lines de 

p 

creases with the decrease of ~ ; or again, following any on( 

of the dotted lines of constant rate of condensation it is seen 
p 

how — decreases with an increase of the water velocity. It is 
* p 

also found that when - is very low an increase in the velocity 

of the water for any given rate of condensation has little 
influence on the rate of heat transmission. 


The results in Fig. 82 have been obtained from the curves 
in Fig. 76, p. 162, and refer to the small boiler-condenser 
arrangement described on p. 159. The full lines again refer 
to constant velocities of the cooling water and the dotted 
lines to the constant values of 


B.Th.U. per sq. ft. per hour 
1000 “ 


given 


in the figure. Although in this case 

p 

the values of - represent the con- 

ditions all over the steam side of 
the tube instead of at the outlet as 
in the previous case, the gejieral 
relations are much the same as in 


Fig. 81. It will be remembered, 
however, that in this apparatus the 
steam condensed under stagnant 
conditions. 


Considering some of the results 
from multiple tube condensers. 
Fig. 83 refers to the condenser of 
rectangular section described on 
p. 150, and tested by Professor 
Weighton. The full lines show the 
relation between the rate of heat 



p 

transmission and for velocities 

P Fig. 82. — Variation of rate of 

- j heat transmission, from Smith’s 

of the water varying from *27 to condenser experiments. 
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1 ft. per sec., where is the steam pressure equivalent to 
the hot-well temperature and the pressure at the top of 
the condenser. The dotted lines refer to constant rates of 
condensation from 4-3 to 10-9 lb. per sq. ft. per hour. Whilst 
the general relation shown by the constant velocity lines is 
similar to that given by Figs. 81 and 82, the dotted Hnes, 
showing results at constant rates of condensation, slope in 
the opposite direction, but again are more nearly horizontal 
the lower the rate of condensation. In this same figure 
are plotted the results of the condenser tests given in 
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Fig. 83. — Variation of rate of heat transmission for surface condensers 
of rectangular section. 


Table 14, p. 168, obtained on a condenser of similar form, 
and it is seen that the results agree fairly well. 

The results shown in Pig. 84 were deduced from the results 
of Professor Weighton’s experiments described and discussed 
on pp. 149-156. The lower set of curves refer to the No. 2 
condenser and the upper set to the No. 3 condenser, in both 

p 

cases when using ordinary air-pumps. In this figure ~ is the 

ratio of the partial steam pressure at the bottom of the con- 
denser to the total pressure. The full lines indicate how the 

. .' . . P 

rate of heat transmission varies with ^ at the different 
velocities of the circulating water given in the figure, whilst 
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the dotted lines refer to the constant rates of condensation 
stated in pounds of steam per sq. ft. per hour. In the No. 3 
condenser (upper portion of Fig. 84) the points referring to 
constant water velocities lie in positions too erratic to enable 



mission from Weighton’s condenser ex- 
periments. 

the general relation at constant velocity to be shown by lines, 
but in both cases it is seen that the lines at constant rates of 
condensation are very steep at high rates and are practically 
horizontal at low rates. This again signifies, therefore, that 
an increase of the velocity of flow of the water has very little 
influence on the rate of heat transmission at low rates of 
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condensation ^low values of bigh rates of con- 

densation ^high values of the velocity of the water i 


IS an 


important factor. 

In view of the difficulties associated with the conditions on 
the steam side of the condenser tubes, it is therefore not 
surprising to find very large differences in the rates of heat 
transmission from the steam to the water for the various 



condensing arrangements which have been described. This is 
well shown in Fig. 85, where the rates of heat transmission 
are compared on a basis of water velocity. Most of the curves 
in this figure merely indicate approximately the range between 
the extreme values obtained in the individual condensers. 

Various writers and experimenters have attempted to 
express the rate of heat transmission, h, in surface condensers 
in terms of the water velocity v. Some have used hcc^/y and 
others hcc^\/v, A reference to the various curves in Fig. 85, 
however, shows how futile are such formulae, except perhaps 
for the particular apparatus and for the particular conditions 
of operation from which they were obtained. 
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With further reference to the rate of heat transmission in 
surface condensers Professor G. G. Stoney, in reply to the 
discussion on his paper, ‘‘ The Effect of Vacuum in Steam 
Turbines,’’ * stated that the probable rate in good average 
condensers for steam turbines at full load was *17 to -22 
B.Th.U. per sq. ft. per sec. per deg. Fahr. difference between 
steam and water, depending upon the cleanliness of the 
tubes, going down perhaps to *11 to *14 at reduced loads. 



Fi(}. 8(>. — ^Probiibl(> rai(5 of bout trans- 
mission in mociern surfaco condensers 
at hij^h rates of condensation and with 
small air lo(».kage. 


If it be taken that the velocity of the cooling water would 
be in the neighbourhood of 5 to 7 ft. per second, now common 
in condenser practice, the rates of heat transmission men- 
tioned here are well within the limits shown in Fig. 85. 

The rate of heat transmission given in Fig. 86 were stated 
by W. Weirf (now Lord Weir) to be applicable to Weir surface 
condensers under normal conditions of operation. Comparing 
the curve in Fig. 86 with those given in Fig. 85 it is seen 

* Journal Inst. Mech. Engs., Dec., 1914. 

I “ Development in Auxiliary Units between Exhaust Pipe and Boiler,” 
Trans, hist. Engs, and Shipbds. in Scotland, Vol. LVI, 1912-13. 

N — H.T. 13.0. E. 
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that the results expressed by the curve are reasonable values 
with clean tubes when thorough precautions are taken to 
prevent excessive leakage of air into the condenser. 

Feed Heater Experiments. — ^Many of the experiments so 
far discussed are applicable to surface feed heaters. In such 
heaters the feed water is usually pumped through the tubes 
on its way to the boilers and is heated by auxiliary or waste 
exhaust steam. 

An extensive series of experiments on certain types of 
surface feed heaters have been made by Professor Leo. Loeb.* 

The first series to be discussed were 
. made on a feed heater containing 117 
semicircular |-in. bore tubes, No. 16 
B.W.G., expanded at both ends into 
a horizontal brass tube plate. The 
tubes varied in length from 20-6 in. 
on the inner row of 5| in. radius to 
69*7 in. on the outer row of 21 in. 
radius. The total heating surface was 
88*2 sq. ft. of which 86 sq. ft. was 
tube area. The feed water flowed 
VELOCTV FT. PER SEC thiough the tubes ill One pass and 
Pio. 87.— Kate of heat tians- the steam Condensed on the outside. 

From the tabulated data in 
the paper the various rates of 
heat transmission from the steam to the water have been 
calculated, making use of equation 1, p. 121, for the mean 
difference of temperature, and these are shown plotted in 
Fig. 87 on the base of mean water velocity. In the first set 
of experiments the saturation steam inlet temperature varied 
in different tests from about 225° F. to about 257° F., the 
steam being superheated several degrees at inlet, and the 
water of condensation left the heater at temperatures about 
10° F. below the saturation temperatures of the entering steam. 
To obtain consistent results steam cocks were fitted at the 
top and bottom of the heater and allowed to blow steam 
slightly to get rid of the air. The black points in Fig. 87 
illustrate the results obtained with a water inlet of about 80° 
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F., and the crosses with a water inlet about 140° F. The rise 
in the temperature of the water through the heater varied 
from about 20° P. to 40° F. according to circumstances. The 
curves indicate roughly the extreme values obtained for these 
tests. 

Some experiments were also made with retarders inserted 
in the tubes consisting of annealed copper strips | in. wide 
and *0268 in. thick twisted into spirals of six inches pitch. 
The saturated steam inlet temperature varied from about 
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Fig. 88. — Rate of heat transmission in Loeb’s feed lieater 
experiments. 


236° P. to about 260° P., the water of condensation being 
usually 10 to 20° P. below these temperatures. The water 
inlet temperatures varied from about 70° F. to 190° F. The 
crosses with enclosing circles in Fig. 88 represented the 
results and the lines drawn in are to indicate the extreme 
values. A similar set of tests were made without retarders 
over corresponding ranges of temperatures, and the results 
are represented by the black points with enclosing circles. 
A comparison between these two sets of tests showed that 
the retarders caused an increase in the rate of heat trans- 
mission within the ranges of the experiments. There would 



180 


CONDENSATION OF STEAM 


also be an increase of the resistance to the flow through the 
tubes due to the retarders, but if placed on the delivery side 
of the feed pump, as is the usual practice, the small increase 
of the resistance is of little or no importance, especially so if 
the pump is steam driven, and the heat in the exhaust from 
the pump utilised in the heater. 

Further experiments were made on a spirally corrugated 
film heater. A heating element in this apparatus consisted 
of two spirally corrugated tubes, one inside the other. The 
water was forced through the space between the two tubes, 
whilst the steam had access to the inside of the inner tube 
and to the outside of the outer tube, the flowing film of water 
being thus heated from both sides. The experimental apparatus 
consisted of four j)airs of tubes arranged in two passes, and as 
originally constructed the approximate thickness of the water 
•film was in., afterwards increased to -l\^ in. by replacing the 
inner tubes by tubes of rather smaller diameter. The apparatus 
was constructed so that the inner tubes could be readily with- 
drawn on breaking external joints only. A large number of 
tests were made with both of these arrangements with the 
tubes nearly horizontal and also when in the vertical position. 
'J'he 'i’able 1 5 gives the leading dimensions : — 

TABLE 15 



Outer iiib(‘s 

Inner 

With 7/<)4 in. him. 

ubes. 

With li/U) ill. film. 

Length overall 

3 ft. 11 in. 

4 ft. lOj- in. 

4 ft. lOJ in. 

Maximum inside diameter . 

2-373 in. 

1-997 in. 

1-930 in. 

Minimum „ ,, 

1-813 in. 

1-375 in. 

1-193 in. 

Maximum outside diameter . 

2-503 in. 

2 -1 03 in. 

2-102 in. 

Minimum ,, ,, 

2-003 in. 

1-541 in. 

1-359 in. 

Depth of corrugations , 

-28 in. 

-311 in. 

-311 in. 

Pitch ,, ,, . . 

1-125 in. 

1-125 in. 

1-125 in. 

Thickness of tube, B.W.G. . 

13 

14 

14 


Total heating surface of tubes sq. ft. . 

Total area for water -flow lietween tubes (normal 

21-33 

20-45 

to axis of tubes sej. ft 

-0103 

-0159 

Length of heater overall 

0 ft. 9:1; in. 

0 ft. 9J in. 

External diameter of shell 

lOf in. 

lOJ in. 


In these tests the steam at inlet was always superheated by 
from 20° F. to 60° F. with the in. film apparatus and by 
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from 20° F. to 80° F. with the in. film. The water of con- 
densation left the heater at a temperature only three or four 
degrees Fahr. at most below the inlet saturation temperature, 
passing into a drain pot from which the water was cooled and 
weighed. The air was liberated from this drain pot at a pet 
cock. The calculated rates of heat transmission are shown 
plotted on the base of water velocity* in Fig. 89 and it would 



Kia. 89. — -Rate of hoat transmission in Loeb’s experiments 


with food heaters of the film typo. 

be seen that the vertical position gave higher rates than the 
horizontal in both cases, possibly due to the better manner 
in which the air could be liberated when in the vertical position 
and the easier drainage of the inside corrugated tubes. 

To show the influence of air accumulation on the steam 
side of the tubes a run was made of about three hours’ duration 
on the apparatus { in. film) in the vertical position. During 

* This is the calculated mean velocity measured parallel to the axis of 
the tubes. The actual velocity was probably greater than this, as no doubt 
some of the water would follow the spiral corrugations. 
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this period no air was liberated from the apparatus except 
such as might be entrained in the water of condensation. 
The following results have been taken from the series of 
observations made. 


Time 
hr. min. 

Water temperaturcR. 

Saturation 

steam 

temperature 
at inlet. 

op 

Water of 
condensation. 
°F. 

B.Th.U. 
per sq ft. 
per sec. 
per deg. Fahr. 
temp. diff. 

Inlet. 

Outlet. 

1-4 

4-0 

61-9 

62 -2 

194 - 4 " 

181-8 

239-4 

239-4 

230-9 

216-1 

•184 

•166 


In these film heaters the resistance offered to the flow of 
the water between the inlet and outlet pipes was measured 
by means of a mercury U -gauge. The writer has plotted 
the logarithms of the pressure difference between inlet and 
outlet against the logarithms of the velocity of flow 
measured parallel to the axis of the tubes. Expressing the 
drop of pressure 8P in lbs. per sq. in., and the velocity v 
in feet per second, the following results were deduced : — 


(7^ in. film 
in. film 


°F.) 

F.) 


(^Vertical 8P=*912t;i*^ (water inlet 70 
]^Horizontal 8P=-620 ( ,, 55° 

[Vertical 8P=-617vi-’® ( „ 70° F.) 

^Vertical SP=-564 2 ;^ '^^^ ( ,, 90° F.) 

[Horizontal 8P=-564 ( ,, 92° F.) 


It will be noted that the law of resistance for the in. film 
comes out more consistent than for the in. film. An 
estimate of the coefficients of resistance might be made but 
would hardly be of much value seeing that the character of 
the flow and the real path of the water between the tubes is 
unknown. In any case, with a feed heater placed on the 
delivery side of the feed pump, the resistance to the flow of 
the water through the tubes is not, within limits, a matter of 
great importance. 

A similar but less extensive series of experiments are re- 
corded in the same paper made on a smaller heater of the 
film type with water and also with oil flowing between the tubes. 
The discussion of these experiments is deferred to p. 204. 
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Relations between Steam and Tube Temperatures and 
Rate of Heat Transmission. — ^The large variations in the rate 
of heat transmission from the steam to the water through a 
tube surface, exhibited by the results in Pig. 85, shows how 
desirable it is to have some means of separating the influence 
of the conditions on the steam side from those on the water 
side of a tube with greater certainty than has been possible 
in the previous discussion. From the results of Dr. T. E. 
Stanton’s experiments discussed on the p. 117 as below, it is to 
some extent possible to calculate the approximate temperature 
of the tube under ordinary condenser conditions. In his paper 
on ‘‘ The Efficiency and Design of Surface Condensers 
Dr. Stanton has applied his calculations to certain experi- 
ments made by him on surface condensers, and it is proposed 
here to consider the results obtained. 

In the first place the formula 8 on p. 117 of Heat Trans- 
mission hy Radiation, Conduction, and Convection was modified 
to the more approximate form, 


tKZ= 


dl^SOvd)^ 0,-^1 


1 “ha! 


( 1 ) 


Where, J?=effective length of tube, ft. 

diameter of tube on water side, ft. 
i;— mean velocity of water through tube, ft. per sec. 
temperature of tube, deg. Fahr. (water side), 
assumed to be constant. 

^i=initial temperature of the water, deg. Fahr. 
^ 2 =final temperature of the water, deg. Fahr. 
^„j=mean temperature of the water, deg. Fahr. 
and K, n, and a constants which depend upon the condition 


* Proc. Inst. G.E., Vol. CXXXVI, 1898-99, Part II, p. 321. 
t It should be noted that in this and in the following formulae the water 
is taken to flow through the tube and the steam to condense on the outside. 

t The effective length is the total length of the tubular waterway. Thus 
in a condenser with tubes 7 ft. long in which the water circulates in one 
direction through half the tubes and returns through the other half, that is, 
two passes, the effective length is 2x7 = 14 ft. 
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of the metal surfaces on the water side, the given values for 
smooth brass pipes being, 

K=: ‘0105] 

n~l*86 |from previous experiments. 
a= -004 J 

Some experiments were made by Dr. Stanton on a surface 
condenser at the University College, Liverpool. The con- 
denser had 152 brass tubes, f in. outside diameter, 7 ft. long, 
and placed horizontally, the effective length being 14 ft. The 
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CALCULATED TUBE TEMPERATURE VaH 0 

Fig. 90. — Relation between condenser temperature and calculated 
tube temperature, from Stanton’s experiments. 

flow of circulating water was estimated by a float in a tank 
provided with a rectangular notch. 

Observations were made of the actual temperatures, and of 
the pressures, as shown by a mercury gauge, of the steam in 
the condenser at different rates of flow of the circulating 
water. It was found that the observed steam temperatures 
were in general agreement with those corresponding to the 
pressures. The values of 6 ^ were then calculated by the 
substitution of the experimental values in equation 1. 
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Some of the results are shown plotted in Fig. 90, curves III 
and IV. It is seen that these lines are straight and parallel, 
showing that the relation between the steam temperature, 
Tg, and the calculated surface temperature, 0^, may be 
written, T,=m0„+c (2) 

In these experiments m was said to have the value *782,* 



Fig, 91. — ^Relation between vacuum and calculated tube 
temperature from Stanton’s experiments. 


the value of the constant c depending upon the speed of the 
air-pump and the quantity of steam condensed. At the 
normal speed of the air-pump, when condensing 28 lb. of 
steam per minute, the value of c was 46*5 with the particular 
conditions obtaining in the condenser. 

The curves I and II of Fig. 90 refer to experiments which 
were made for Dr. Stanton on a surface condenser in the 
Whitworth Engineering Laboratory, Manchester University. 
The condenser had 283 horizontal brass tubes, t in. diameter, 

* On trial the writer found that the average value of m from the lines in 
the figure came out about *74 instead of the value *782. 
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4 ft. long, the effective length being 4 ft. as there was only 
one pass, and therefore the conditions of flow were very 
different from those of the preceding case. The chief point 
to notice is that in all the series shown in Pig. 90 the slope 
of the lines were independent of the conditions. It was also 
found that, even by assuming different values for the con- 
stants in equation 1, p. 183, the relation between the steam 
and the surface temperature was still linear, the value of the 
gradient m depending on the constants adopted. 

Reading off steam temperatures from Pig. 90 and using 
steam tables to find the corresponding pressures, the corre- 
sponding vacua are shown plotted in Pig. 91 on the base of 
tube temperature, 

On the basis of equation 1, p. 183, Dr. Stanton deduced 
certain general equations relating to condenser conditions. 

If N— number of tubes in one pass. 

A = total surface of tubes in one p^tss, water side. 

Q=flow of water, cub. ft. per sec. 

Then, N7rc?Z=A. 

and, Nv— =Q. 

4 


or, 



Equation 1 may be written, 



. ( 3 ) 


Taking all the values in this equation to be constant except 
the tube diameter d and the temperatures, then. 




where b= 


KZ]l+a- 






or, 




b 

?-l 


( 4 ) 
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The tube efficiency may be expressed by : — 


^2 


2~h 


which becomes, 


^w~~h 


:1 


(5) 


An equation which shows that which is the heat 

abstracted, has its greatest value when d is very small. 

As a second example, the effect of the length of the tubes 
may be found for a condenser of given cooling surface, 
diameter of tubes and supply of water. In this case the 
equation for tube efficiency becomes. 




.l-€ 


( 6 ) 


where &' is a constant, which shows that (^ 2 —^ 1 ) has its greatest 
value when I is greatest. 

Again, if the cooling surface, length, and diameter of tubes 
are fixed, the tube efficiency may be written in the form, 

6 " 

k—ti - 


e.-h ^ " 

If, density of water, 
a = total area of flow. 


where 6" is a constant 


( 7 ) 


w= pav. 

Then, Heat abstracted=/oav(^ 2 — ^ 1 ) / 

=pav(e^-t,)[i-y'’' ) • • ' • ( 8 ) 
Now, since the value of (2—n) is about *14, the variation in 


the value of 


i . 

\l-€ ) W1 


will be small, so that within limits 


the total heat abstracted should be very nearly proportional 
to the velocity v, i.e. to the quantity of circulating water. 

It would be noted that in equation 3, p. 186, when Q and 
A are constant, the condition of equally effective transmission 
of heat for different tube arrangements is — 

pn - 1) 

—— ==constant (9) 

d 
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Hence, if this ratio be determined for a given condenser of 
known effective performance, the length of the tubes in an 
equally efficient condenser of the same cooling surface made 
with tubes of different diameters can be at once determined. 

In practice the diameter of tubes should be chosen which 
offers the least resistance to the flow of the water, all other 
things equal. Now the resistance in a tube is proportional to 
l/V^ 

— — for water at a given temperature ; and under the specified 
conditions that the supply of cooling water Q and the total 

surface A are constants, is equal to 

-ndMld Ad' 

that is, V is proportional to ^ . Hence the frictional resistance 

Cl 

is proportional to 


I 


If 


lin 


(,')■ 


OC- 




d^ 


- 1) 


is made constant (see equation 9). 


Then, 


jr(M+l> lVin-3) 


d^ 






-"In) 


Since the value of n above the critical velocity is usually 
somewhat less than 2, but greater than 1, except perhaps when 
the pipe is very rough, when ??— 2, it follows that the resistance 
decreases with Z, except in the limiting case of n—2. If, then, 

in -I 

is constant under the conditions specified above, the 


value of d decreases with I and therefore it follows that the 
total resistance usually decreases as d decreases when Q and A 
are maintained constant. The resistance to the flow of the 
water is therefore least when the diameter of tube is the least 
practicable, and the most efficient design from the point of 
view of heat transmission would be secured by using small 
tubes of as great a length as the extreme limit of resistance 
allowed. 

The preceding demonstrations and calculations, due to 
Dr. Stanton, are based on tube wall temperatures calculated 
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from the conditions on the water side of the tube. In order 
to obtain some measure of the rate at which steam condenses 
on a metal surface Professors Callendar and Nicolson*** made 
some experiments on a thick condenser, principally with a 
view of applying the results to the problem of condensation in 
steam-engine cylinders. The apparatus is illustrated in Fig. 92 



Fio. 92. — Callendar and Nicolson’s thick-tube 
condenser. 

and consists of a cast-iron cylinder 5 in. diameter and 2 ft . 
long, having a central hole 1 in. diameter. Thermometers 
were inserted to a depth of 8 or 9 in. in holes of small diameter 
drilled parallel to the axis as shown and filled with mercury. 
The steam was condensed inside the central hole and the 
cooling water circulated on the outside at a high rate. This 
outer surface was screwed and spiral baffles were formed to 
direct the water spirally. In some experiments the steam 

* “Some Experiments on the Condensation of Steam,” Brit. Aaa. Report 
Section G, 1897 ; or Engineering^ 15th Oct., 1897. 
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condensing surface was wiped continually by a revolving 
brush constructed of thin strips of steel so that the surface 
was brushed five or six times per second, with the idea of 
preventing any accumulation of water of condensation on 
the surface. It was found that even such a vigorous brushing 
action only increased the condensation by about 5% on the 
average of several experiments. Some trouble was experienced 
by the drilled holes disturbing the flow of heat in the metal, 
but otherwise the results were consistent. Equation 3, p. 24, 
of Heat Transmission hy Radiation, Conduction, and Convection 
indicates that the relation between the metal temperature and 
the distance from the centre could be expressed in logarithmic 
form. Knowing the temperatures at definite positions, the 
inner and outer surface temperatures could be calculated. 
It was found that the rate of heat flow A, in B.Th.U. per 
second per square foot of surface in contact with the steam 
per degree Fahr. difference between the steam (TJ and tlie 
surface could be expressed by 

7 ^ -- 74 . 

Observations at different steam temperatures did not 
indicate any marked differences in the rate of heat trans- 
mission from the steam to the metal. 

It was also possible to deduce the conductivity of the metal. 
For the cast-iron cylinder it was found to be about 5*5 B.Th.U. 
per sq. ft. per min. per degree Fahr. per in. thick, and for a 
mild steel cylinder which they also used about 5-8 to the same 
units, the mean temperature being about 140° F. 

In the same report of the British Association Professor 
Callendar also describes some experiments he made where 
the condensing tube was platinum, | in. diameter, 16 in. long, 
the thickness being i(>^„in. The mean temperature of the 
tube was determined by measuring the electrical resistance 
of that portion of the tube on which the steam was condensing. 
Since the tube was so thin the greatest difference of tempera- 
ture between the outer and inner surfaces did not exceed 
1° C. The platinum tube was enclosed in an outer case of 
brass or one of glass, the steam was admitted to the space 
between the tubes and the steady current of condensing water 
flowed through the J-in. tube. The pressure of the steam 



TRANSMISSION OP HEAT IN CONDENSERS 191 


was nearly atmospheric and was measured by a mercury 
column. The outlet and inlet water temperatures were 
measured, together with the quantity flowing through the 
tube. The results obtained for the heat transmission from the 
steam to the surface were rather higher than for the thick 
cylinder experiments. 

Summary of Results, 

1. With a short length of condenser and very free escape 

of steam, condensation of 22*2 B.Th.U. per sq. ft. per sec. for 
temperature difference, (T^—6^), of 28*5^ P. was obtained, 
equivalent to *78 — This was the smallest rate observed, 

the tube being in the vertical position and the steam flow 
downwards. 

2. With the same conditions, but having the length of 
tube exposed to steam nearly twice as great, condensation was 
obtained of 22*3 B.Th.U. per sq. ft. per sec. for a tempera- 
ture difference of 26*3'^ F., equivalent to *88(1^— 0^). The 
lower half of the tube was more thickly covered with water 
of condensation than the upper half and the steam was full 
of flying spray, which may have assisted in conveying heat 
to the metal and in maintaining the same rate of condensation 
on the lower half as on the upper. 

3. With the same arrangement but with the steam flow 
upwards and reduced until escape of steam was as gentle 
as possible consistent with keeping the apparatus full of 
steam and excluding air, the rate of condensation was some- 
what larger, 23-6 B.Th.U. per sq. ft. per sec. with the tempera- 
ture difference only 22 0° F., equivalent to 1-07 (T^— flj. 
The gentle upward stream of steam tended to keep the surface 
covered relatively thickly with drops and rivulets of water. 
It would appear probable that the large surface exposed by 
drops was so much greater (in the present instance about twice 
as great) than the surface of the metal, and that the drops 
of water themselves were in such rapid motion, that the in- 
creased surface more than compensated for any resistance the 
water film may have offered to the flow of heat. 

4. To verify this view the outer glass tube was replaced by 
a much smaller tube so as to leave very little space for the 
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steam current. The pressure at the inlet was about 4 in. of 
mercury above the atmosphere and the surface of the platinum 
tube was violently scoured by a spiral rush of steam and 
spray. Under these conditions condensation was reduced to 
19-2 B.Th.U. per sq. ft. per sec. for the temperature difference 
of 19-8° F., equivalent to -97 (T^ — The effect of the 
energetic scouring was evident from the slight rise of the 



Fig. 9.3 — Kate of lieat transmission from steam to tube, from 
Webster’s experiments. 


temperature of the metal as compared with the previous 
experiments. 

Professor Callendar is so well known as a careful experi- 
menter and as an expert in the measurement of temperatures 
by electrical methods that little doubt exists as to the accuracy 
of the measurements. It would therefore appear that when 
a tube is of small diameter and in contact with steam on the 
outside where there is little or no air present, the presence 
of moving drops of water on the tube may augment rather 
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than retard the rate of heat transmission from the steam to the 
water. This result is quite contrary to the usually accepted 
notions of the influence of water of condensation deposited on 
the tube. It would be noted in this connection that the 
presence of the water of condensation when condensing steam 
inside small tubes would probably have an opposite influence 
from that occurring when condensing on the outside. 

In the experiments referred to on p. 141 Mr. Webster 
measured the tube temperatures by means of the copper- 
constantan thermo -junctions described on p. 122 in The 
Measurement of Steady and Fluctuating Temperatures, and 
the arithmetic mean temperatures on the steam side of 
the tube were recorded in his paper as determined from two 
thermo- junctions, one near each end of the tube. The tube 
temperatures on the water side were calculated by using the 
formula 3 referred to on p. 190, and were also tabulated. From 
the data given in the paper the writer has calculated the 
rates of heat transmission from the steam to the tube surface, 
and also from the other surface to the cooling water. The 
rate of heat transmission from the steam to the tube, in 
B.Th.U. per sq. ft. per sec. per degree Fahr. difference 
(steam to tube) is shown plotted in Fig. 93 on the base 

__ average weight of steam-flow past the tube, lb. per sec. 
a^ area of steam passage, sq. ft. 

value of being taken as the arithmetic mean of the quantity 
of steam entering and the quantity of steam leaving the con- 
denser. It is seen that the rate of heat transmission h^ increases 
appreciably with the weight of steam-flow, but decreases as 
the steam pressure increases. Although this latter circum- 
stance may not have been anticipated it should be remembered 
that the conditions on the steam side of the tube are compli- 
cated by the possibility of the accumulation of air and water 
at the tube surface. 

The maximum and minimum values of the temperature 

difference, (T^, — 0,), and the corresponding values of 

taken to represent an average film temperature, are recorded 
on the diagram Fig. 93 for purposes of reference. 

O — H.T B.C.E. 
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The calculated rates of heat transmission, from the tube 
to the water are shown plotted in Fig. 94 on the base of 
water velocity. Although the results are in some cases some- 
what erratic it is seen that the general relation can be fairly 
represented by straight lines within the limits of the experi- 
ments, and that the value of apparently increases appre- 
ciably at any particular water velocity as the mean tempera- 
0 ~\~t 

ture increases. Again, for purposes of reference the 

2 

maximum and minimum values of 0y,+t are recorded on the 
diagram. 2 

For comparison the mean straight lines from Figs. 53 and 
54, pp. 138, 140 of Heat Transmission by Radiation, Conduc- 
tion, and Convection are also reproduced in Fig. 94 on the 
velocity base. In these particular experiments made by 
Jordan the water flowed in the annular space on the outside 
of the copper tube with hot air flowing through the tube. 
The range of water velocities would be from about 0*1 to 
nearly 3 ft. per sec., and therefore it is probable that the 
critical velocity of flow was only exceeded at the higher 
velocities. This probably accounts to some extent for the rapid 
fall in the rate of heat transmission at the low velocities of flow 
here used. 

Although the expression 1, p. 183, is only really intended 
to be applicable to the flow of water through a tube when 
the rise of water temperature is small, the writer has used 
it in connection with Webster’s experiments, and from the 
known conditions of temperature, etc., on the water side of 
the tube has calculated the various values of K, shown plotted 
in Fig. 94 on the water velocity base. With such conditions 
it is seen that K varies considerably with the velocity of the 
water at low velocities but attains nearly a constant value 
at high velocities. 

The distribution of temperature from the steam to the 
water is illustrated in Fig. 95 for certain of Webster’s tests. 

w 

The rates of heat transmission, the values of -i, water velocity, 

and — are given. The full lines refer to a comparatively low 
a^ 
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rate of heat transmission and the dotted lines to a higher rate. 
In all these cases the arithmetic mean of the inlet and outlet 
temperatures of the water have been taken to represent the 
mean water temperatures. Although this is not quite th6 
true mean temperature the error involved in these experiments 
is small and of little importance. 

From the results of Messrs. Clement and Garland’s experi- 
ments referred to on p. 138 the writer has also calculated the 



Fig. 95. — Distribution of temperature 
from steam to water. Webster’s 
experiments. 


various values of K derived from the expression 1, p. 183, 
and these values are shown plotted in Fig. 96 on a base of 
water velocity. It is interesting to note that, on the whole, 
they corroborate the results shown in Fig. 95 for Webster’s 
experiments. 

The values of the rate of heat transmission for these ex- 
periments from the tube to the water are also shown plotted 
in Pig. 96 on a water velocity base for the three steam tempera- 
tures, 274® F., 307® F., and 330® F. Evidently the results 


values of K in STANTON’S FORMULA 
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Fj:a 96. — Rate of heat transmission from tube to water, from Clement 
apd Garland’s condenser experiraonts. 
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for each steam temperature can be represented by a straight 
line. It is hardly likely, however, that the changes of the 
S I f 

mean temperature, — , shown by the numbers on the 

2 

diagram, could account for the apparent increases in the rate 
of heat transmission shown as the steam temperature increased. 




Numbers in brackets refer to Values ^(Ts-^s)**F- 
Other Numbers refer to Values 
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HEAT TRANSMITTED PER SECOND B.Th.U. 

F IG 97. — Hate of heat transmission from steam to tube, from 
Clement and Garland’s experiments. 

The rates of heat transmission for Clement and Garland’s 
experiments have been plotted in Fig. 97 on the base of heat 
transmission. The numbers opposite the various points 

T 4-B 

indicate the values of (T^— 0,) and — — but it is difficult to 


make comparisons with Webster’s experiments because no 
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data is given by Clement and Garland respecting the actual 
weight of steam flowing through the condenser past the tube. 

It is interesting to compare the various results obtained for 
the rate of heat transmission from steam to a tube surface. 
Messrs. Callendar and Nicolson, as described on p. 190, 
obtained a value of *74 B.Th.U. per sq. ft. per sec. per 
degree Fahr. difference of temperature, when condensing 
inside a thick cast-iron tube of 1-in. bore. Under these 
conditions they found that brushing the condensing surface 
or altering the speed of the steam-flow had but little influence 
on the above rate of condensation. Condensing on a 
J-in. platinum tube, Professor Callendar obtained rates 
of condensation, with steam at about 212° F., varying 
from *78 to 1-07 as described on p. 191, whilst he found that 
increasing the rate of steam -flow reduced the rate of heat 
transmission, for the probable reasons mentioned on p. 191. 
Webster’s results shown in Fig. 93, p. 192, where the con- 
densation occurred on a tube | in. outside diameter, indicate 
a definite increase in the rate of heat transmission on increasing 
the flow of steam through the condenser, and a reduction of 
the rate for any given weight flow of steam as the steam 
temperature increased. It will be noted that in most cases 
the values come out below *74. Messrs. Clement and Garland’s 
results shown in Fig. 97 are all below the Callendar and 
Nicolson value of *74. 

These various values, however, while useful in certain circum- 
stances, cannot be applied to ordinary condenser conditions 
for estimating tube surface temperatures with any degree of 
certainty, because they were all obtained from experiments 
where the steam temperatures were much higher than in 
ordinary condenser practice, and they refer also to nearly air- 
free steam. 

Although the values of K in equation 1, p. 183, derived 
from Webster’s experiments and from Clement and Garland’s 
experiments varied with the velocity of the water, the drop 
of temperature between the steam and the water and the rise 
of temperature of the water were all greater than obtains in 
ordinary condenser practice. It will therefore be taken 
that the constant for K on p. 184 obtained by Dr. Stanton 
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may be applied to ordinary condenser conditions and, within 
limits, may be used in the calculation of tube temperatures. 



Fig. 98. — Relations between vacuum, steam temperature, and calculated 
tube temperaturo,[^from Allen’s condenser experiments. 


The writer has calculated tube temperatures in connection 
with Allen’s condenser experiments, and although the results 
of the calculations show rather erratic tendencies when plotted 
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as in Fig. 98 it is seen that the relation between the measured 

steam temperature at the condenser inlet, T^, and the calculated 

tube temperature, 6, may be roughly represented by straight 

lines as in Dr. Stanton’s experiments on p. 184, Fig. 90, 

and that therefore, rn n . 

T^=m0+c 

where c increases with the rate of condensation. 



Fig. 99. — Relations between vacuum, steam 
temperature, and calculated tube temperature, 
from Weighton’s condenser experiments. 


The measured vacuum (barometer 30 in.) has also been 
plotted in Fig. 98 against the tube temperature and this 
indicates that the greater the rate of condensation the lower 
is the vacuum for any given tube temperature. Probably th^ 
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results depend to some extent upon the air-pump capacity. 
Mr. Allen reported that the air-pump capacity was always 
arranged in his experiments to have approximately a capacity 
of -75 cub. ft. j^er lb. of steam condensed. 

The writer has also calculated the tube temperatures for 
Professor Weighton’s condenser experiments, and the measured 
steam inlet temperatures are shown plotted against the calcu- 
lated tube temperatures in Fig. 99. Although the mean 
straight lines drawn can be taken to represent the relations 
between the steam and the tube temperatures, it may be 
noted that the calculated tube temperature comes out approxi- 
mately the same as the steam temperature at the higher 
temperatures shown. This is probably due to the formula 
and the constants on p. 184 used to calculate tube temperatures 
being only really applicable to ordinary condenser conditions 
within a limited range. Assuming, however, that these 
tube temperatures are suitably calculated for the purpose in 
view, the relation between the tube temperature and the 
measured vacuum (barometer 30 in.) at the top of the con- 
denser is also shown in Fig. 99 for the three condensers 
experimented upon by Professor Weighton. It will be noted 
that the results for the old form of condenser are of similar 
character to those from Stanton’s and from Allen’s experi- 
ments, Figs. 91 and 98 respectively. With both the No. 2 
and the No. 3 condensers, however, the rate of condensation 
does not appear to have any appreciable influence on the 
vacuum for any given tube temperature. In other words, 
it would appear that the amount of steam condensed was 
practically independent of the difference of temperature 
between the inlet steam and the tube, at any rate within the 
limits of the experiments. At first sight this seems to be an 
extraordinary result and merits further consideration. From 
what has been said previously in connection with the influence 
of air in condensers, an increased rate of condensation usually 
improves the effectiveness of the lower tubes. An increased 
rate of condensation also means an increase in the rate of 
steam-flow past the tubes, and, as shown by the results in 
Fig. 93, p. 192, this also generally increases the rate of 
heat transnxission with ordinary sii^es of tubes. Also the water 



TRANSMISSION OF HEAT IN CONDENSERS 203 


of condensation was drained from the various compartments 
in these condensers thus preventing a certain amount of 
dripping of the water over the tubes. Altogether the result 
has been to influence the average rate of heat transmission 
between the steam and the tube to such an extent as to lead 
to the result noted above. 

It is also seen from Fig. 99 that, for any given tube tempera- 
ture, approximately the same vacuum was obtained from 
No. 2 and No. 3 condensers when using an ordinary air-pump, 
and similarly when using a cold water spray in the air-pump 
suction, only that this latter condition caused a decided 


No. 2 CONDENSER No. 3 CONDENSER 

Ordinary Air Pump Ordinary Air Pump 



Fio. 100. — Relations between calculated tube temperature, steam 
temperature, and mean water temperature, from Weighton’s experiments. 


improvement in the vacuum. The cores in the tubes apparently 
did not influence the vacuum at any tube temperature, a result 
which would have been expected seeing that the use of the 
cores could only affect the tube temperature. 

There is every indication then, that with a well designed 
condenser having not more than a small air leakage, and 
having air-pumps of reasonable capacity, the vacuum obtain- 
able is a function of the average tube temperature and of the 
air-pump conditions. 

The relation between the calculated tube temperature and 
the condenser temperature is also exhibited for certain of 
Weighton’s tests on the No. 2 and No. 3 condensers in Fig. 100. 


204 CONDENSATION OF STEAM 

Particulars of the rate of condensation are given in the 
figure. 

The writer has estimated the probable tube temperatures 
for the film heaters described on p. 180 based upon an estimate 
of the difference between the temperatures of the condensing 
steam and the tube from Webster’s experiments, p. 193, and 
from this has calculated the rate of heat transmission between 



Fia. 101. — Calculated rate of heat transmission from tube to water or 
oil, from Loeb’s heater experiments. 

the tubes and the water. The values obtained are shown 
plotted in Fig. 101 on the base of water velocity.* 

As mentioned on p. 182 some experiments were also made 
on a small heater of the same type having a 7 /64-in. film when 
heating water and also when heating fuel oil. The estimated 
rates of heat transmission between the tube and the water 
and between the tube and the oil are also shown plotted in 

* 3ee remarks on p. 181, 
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Fig. 101. The three tests represented by the large circles refer 
to water heating, and the lowest series of points, indicated 
by crosses, showed the results when heating oil. The oil had 
a specific gravity *908 at 67° F. and *866 at 160° F. and a 
mean specific heat of *476 between 212° P. and 70° F., with 
a fiash point of 200° F. in the closed cup. It is seen that the 
rates of heat transmission for oil are much below the corre- 

spending values for water at the same values of Apart 

d 2 

from the influence of the conductivity and viscosity of the 
fluids, theory suggests that the rate of heat transmission 
should be proportional to the specific heat of the fluid, and 
therefore for the oil should be about half that for water. The 
results in Fig. 101, however, indicate that the values for the 
oil come out distinctly below half the corresponding values for 
water, and probably this is partly due to the lower conductivity 
and higher viscosity of the oil compared with water at the same 
temperature. 

It is therefore obvious that where oil is heated by steam 
or cooled by water through a surface, the resistance to the 
transmission of heat is likely to be much greater between 
the surface and the oil than between the steam or water and 
the surface. Thus, to cause any appreciable increase in the 
rate of heat transmission of such an oil heater or cooler, it is 
necessary to reduce the resistance to the heat-flow between 
the oil and the surface either by increasing the velocity of flow 
or by disturbing the flow as much as possible during the trans- 
mission of heat. Thus the oil should be made to flow through 
small bore tubes at the highest practicable velocity, and if 
desirable, with retarders inserted in the tubes. The velocity 
of flow of the heating steam or the cooling water on the other 
side of the tubes is not so important as regards the trans- 
mission of heat. 

Examples. — The following examples are worked out to 
illustrate the methods of calculation for determining the 
length and number of tubes required for a surface condenser 
under stated conditions and the resistance to the flow of the 
circulating water. 

A steam turbine uses 30,000 lb. of steam per hour when 
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developing 2800 brake horse power. Steam temperature at 
stop valve 500"^ F. ; saturation temperature 370° F. ; exhaust 
steam temperature 102° F. 

From Marks and Davis’ steam tables : — * 

Heat per lb. steam at stop valve above water at exhaust 
temperature, 1199 B.Th.U. 

Heat supplied to turbine per seconds 1199 x 

^ 3600 


= 10,000 B.Th.U. 

Heat converted to work at shaft per second=~^^ ^ 

^ 778 X 60 

= 1980 B.Th.U. 


Allowing 5% heat loss by radiation, etc., from the turbine 
casing and the exhaust pipes at this load, then, 

Heat rejected to exhaust per second= 10,000 x *95 — 1980 

= 7520 B.Th.U., 
or, 903 B.Th.U. per lb. 

This, then, is the amount of latent heat carried to the con- 
denser by the exhaust steam. Any small amount of heat given 
up by the cooling of the water of condensation in the condenser 
below exhaust temperature is neglected. 

Taking the following specified conditions for the condenser; — 

Brass tubes | in. outside diameter, and thickness *048 in., 
arranged with the same number of tubes in each of three 
passes. Velocity of circulating water through tubes 6 ft. per 
sec. 

Water temperatures, inlet 75° F. and outlet 95° F. Con- 
denser temperature, 102° F. at inlet. Vacuum, 28 in., with 
barometer, 30 in. 

For these conditions a conservative estimate of the rate of 
heat transmission from the steam to the water is *18 B.Th.U. 
per sq. ft. per sec. per degree Fahr. dilSerence if reasonable 
precautions are taken against air leakage. 


Then, mean temperature difference 


95-75 


log. 


102-76 

102-96 


14-8° F. 


Heat to water per second=7620=-18 x 14-8 xA. 

or, A= — =2820 sq. ft. 
•18x14-8 ^ 
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7^20 

Water per second= =376 lb. 

^ 95 -75 

or, =6 05 cu. ft. 

62*2 

. X - . ^ . *785 X (-625-2 X -048)2 

Area of section of one tube= ^ — - 

144 

= •00152 sq. ft. 

Then, 6 05==n x -00152 x 6 

or, n= — =663 tubes per pass. 

•00152x6 


If Z'= length of each tube, ft. 

.fiOK 

Then, 3x663x7rx xZ'=2820. 

12 


Steam condensed per sq. ft. per hour= 


2820x12 

or, Z = 

3 X 663 X TT X -625 

= 8-7 ft. between tube plates. 

Steam condensed per sq. ft. per hour=— 

^ ^ ^ 2820 

= 10-6 lb. 

It is sometimes desirable to check the results of such calcu- 
lations by estimating the mean tube temperature, using 
equation 1, p. 183, and then to ascertain the probable vacuum 
obtainable by reference to Figs. 91, 98 and 99. 


The equation is, KZ= 


cZ(930i;cZ)2-^ 


Using the constants given on p. 184, that is, 

K=0105, n=l-86, a=-004, 

Z==effective length, ft., cZ=diam. of tube, ft. 

^;== water velocity, ft. per sec. 

Zj and Zg are inlet and outlet water temperatures respectively. 

o -044(930 X6X -044)14 0„75 

Then, -0105x3 x8-7= 5^ ^ ^ log,-— 




* 0-96 


where 6 in 


in « (^») 


has been assumed to be about 95® F., 



208 


CONDENSATION OF STEAM 


since any small error at this point has very little influence on 
the calculation. 

, .0-75 *0105 x3x8*7x 1-36. 

log— = 

^'0-95 •044x2*16. 

= 3-92. 


^-75 

or, —50*4. 

0-95 


0:::=95-4°F. 


If, instead of using the above value of K, the mean value 
from Figs. 94 and 96, -007, say, is used in the above 
equation, 

Then, 0-=96*5^F. 

It is seen, therefore, that the value of K does not greatly 
affect the calculated mean tube temperature. 

Taking the mean tube temperature to be about 96° F. 
Table 16 shows the vacuum obtainable from some of the 
condensers discussed previously. 


TABLE 16 


From Figure. 

Calculated lub<5 
temperature. 
“F. 

Vacuum, 
in mercury. 
(Bar. 80 in.). 

Fig. 91, p. ii<r) 

Moan of Curves III and IV 

96° F. 

284 I 

Fig. 98, p. 200 

96° F. 

27-3 1 

Fig. 99, p. 201 

Old condenser 

96° P. 

27-0 

Fig. 99, p. 201 

New condenser, ordinary air-pump 

96° P. 

27-75 

Fig. 99, p. 201 

New condenser, with dry air -pump and cold water 
spray 

96° F. 

- 

28-6 


With old types of condensers, to which the first three lines 
in Table 16 refer, the vacuum depends upon the rate of con- 
densation and upon the capacity of the air-pumps. In the 
condensers experimented with by Professor Weighton the 
vacuum was nearly independent of the rate of condensation. 
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It is therefore seen that the vacuum of 28 inches for the 
condenser example on p. 206 is well within the possibilities of 
an efficiently designed condenser where reasonable precautions 
are taken against air leakage. 

For the sake of illustration the writer has also made calcu- 
lations similar to those preceding with a view to showing the 
influence of the circulating water temperatures on the cooling 
surface required and on the length of the tubes. The results 
are all tabulated in Table 17. Calculations were also made of 
the mean tube temperature for the conditions in line 3 of 
Table 17. On referring to Fig. 99, p. 201, it will be seen that 
at about 91° F. tube temperature the vacua obtained in 
Professor Weightoii’s tests for the new condensers were 28 in. 
with ordinary air-pumps, and 28*6 in. with dry air-pumps and 
cold water spray in the air-pump suction. 

Exhaust steam is sometimes used to heat the boiler feed 
water. The calculations relating to the design of feed heaters 
of the surface type are similar in character to those for surface 
condensers, and therefore it is hardly necessary to work out 
examples in this case. 

Circulating pumps for surface condensers are usually of the 
centrifugal type. The action and design of such pumps is 
treated in several* text-books and papers to which reference 
should be made for detailed information. Briefly stated the 
action is as follows : The water is supplied on the suction side 
to the centre of the pump casing and in passing through the 
rotating impeller the velocity of the water and its pressure 
increase. Before the water is discharged a portion of the 
velocity energy has been converted into pressure energy in the 
diffusing chamber in the casing round the perimeter of the 
impeller. The total increase of pressure has to be sufficient to 
overcome the external pipe resistance and any lift or head of 
water that may be encountered. Such a pump will lift water 
by suction but it is necessary to prime first with water so as to 
fill the suction pipe and pump casing, and to facilitate this 
there should be a non-return valve at the bottom of the 

* For example : Hydraulics and its Applications, by Professor A. H. 
Gibson ; Centrifugal Pumps, Turbines, and Water Motors, by C. H. Innes. 
“Notes on the Construction of Turbine Pumps,” by A. E. L. Chorlton, 
Journal Inst. Meek. Engs,, May, 1917, 
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suction pipe. When water has to be lifted to a considerable 
height centrifugal pumps may be used in series, and this 
combination is then termed a multiple-stage or multiple- 
chamber pump, or is sometimes referred to as a turbine pump. 

The end of the circulating water suction pipe in the tank or 
reservoir should be placed well below the surface so as to with- 
draw the colder water and also to prevent air from being drawn 
in. The end is usually fitted with a short vertical length of 
pipe, somewhat larger in diameter than the pipe itself, and 
perforated to prevent large solid bodies entering and being 
carried to the condenser. This perforated pipe is sometimes 
called a ‘‘ snore ” pipe. Trouble sometimes occurs by some of 
the perforations getting blocked by sediment, dirt, leaves, 
weeds, etc., and may then be somewhat difficult to clear. In 
a large power station taking cooling water from a river or 
canal the water intake is made large, and in some cases a self- 
cleaning rotary screen is provided to keep out weeds, leaves, 
etc. 

The following calculations illustrate the method of estimat- 
ing approximately the total resistance offered to the flow of 
the circulating water in a condenser plant. 

Condenser. — ^Total length of tubes per pass 7 ft. ; number 
of passes, 3 ; diameter of tubes, | in. outside ; thickness of 
tube '048 in. ; velocity of water through tubes, 6 ft. per sec. 
Diameter of circulating pipe, 9 in. ; velocity in pipe, 7 ft. per 
sec. ; number of right-angle bends in pipe, 6. 

Case ] — Delivery and suction pipes well below the water- 
level in the same reservoir, therefore no work is spent in 
raising the circulating water. Length of straight pipe, say, 
50 ft. 

Case 2 — The circulating water is raised to a height of 
25 feet above the water level on the suction side, say, to the 
top of a cooling tower. Total length of pipe, say, 100 feet. 

Case 1 — ^Taking the coefficient of resistance / for the con- 
denser tubes at *013, and using equation 18, p. 82, of Heat 
Transmission by Radiation ^ Conduction ^ and Convection, 

, , flv^ -013x62x21 o f 4- f 4- 

(a) y=:'^ - — = 13-8 feet of water. 

' ^ 2qm , -53 
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(b) Pressure difference to produce kinetic energy at tube 

inlet (assuming the initial velocity negligible), 

^2 02 

^ = -56 feet of water at each pass. 

2ff 64-4 ^ 

or, =3 X *56= 1*7 feet of water for 3 passes. 

It is assumed that the kinetic energy at the tube outlet at 

each pass is wasted. 

(c) Loss of head at each tube inlet due to vena-contracta 
(unless entrance is well rounded), 

/y 2 02 

= — — 1 = *56 feet at each pass. 

2g 64-4 

or, 3 X *56=1*7 feet for 3 passes. 

Then, Total loss of head at condenser, 

=-13*8 + 1*7 + 1*7=17*2 feet of water. 

(d) Taking the coefficient of resistance / for a 9-in. pipe 
after lengthy service to be *011, 


Then, 


•011x50x72 


64*4 X 


4x12 


2*23 feet of water. 


(e) Assuming the loss of head at a smooth right-angle, bend 
is equal to 10 diameters of length of straight pipe, 

6 V 10 V ^ 

Then, y^= — T? X 2*23=2*0 feet of water. 

50 

(f) Pressure to produce kinetic energy at pipe inlet, 

2 '7 2 

— = = -76 feet of water. 

2^ 64*4 

(g) Loss of head at pipe inlet (assumed) 

*5t;2 -5x72 .Of 4- IT 4. 

= = *38 feet ot water. 

2g 64*4 

(h) It is taken that none of the kinetic energy of flow at the 
pipe outlet is recovered. 

Then, Total resistance=17*2+2*23 + 2*0 + *76 + *38 
= 22*6 feet of water. 


Case 2 — ^The condenser resistance will be the same as before, 
viz. 17*2 feet of water. 

Resistance of 100 feet of straight pipes=4*6 feet. 
Resistance of 6 bends, 2*0 feet. 

Pressure drop at pipe inlet *76 + *38= 1*14 feet. 
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Then, Total pipe resistance=4*5 +2*0 + 1*14 

==7-64 feet. 

Increase of head at cooling tower, 25 feet. 
Total resistance ==17*2 +7-64 +25 

= 49*8 feet of water. 


The total resistance in feet of water represents the number 
of foot-pounds of work which the pump has to do on each 
pound of water pumped. If the pump efficiency is *6 and the 
direct coupled motor efficiency *85, say, and W pounds of water 
is delivered per minute against a total resistance y feet of 
water, 


Then, Electrical horse power 


Wy 


33000 X -6 X -85 
1*96 


33000 


Wy. 


In considering the complete design of a surface condenser 
and the amount of water required, some regard has to be paid 
to the conditions of operation. As shown by the preceding 
examples, when a cooling tower is used the work done by the 
circulating pumps has to be much greater than when the 
circulating water is drawn from and returned directly to a 
reservoir on the syphon system. Therefore in the former case 
it might be economical to have a smaller velocity of flow 
through the condenser and a correspondingly larger condensing 
surface. The most economical arrangement in each case, 
however, could only be determined when the whole of the 
important conditions of operation are known, including the 
capital costs, depreciation and working costs of condensers, 
circulating pumps, cooling towers, etc., together with the 
amount of circulating water available and its probable inlet 
temperature at the condenser. 

Although condensers and air-pumps have undergone con- 
siderable developments in recent years it is not the present 
purpose to describe or discuss detail arrangements. Reference 
may be made to the author’s book on Condensers, Air-pumps, 
and Evaporators for this information. 

Water Cooling — ^If often happens in land practice that a 
continuously fresh supply of condensing or circulating water 



214 


CONDENSATION OF STEAM 


is not available, and in such cases it becomes necessary to cool 
the water after leaving the condenser for re-use. One or other 
of the following arrangements are usually adopted for this 
purpose, viz. : (1) Cooling ponds or reservoirs, (2) Cooling 

towers, and (3) Sprayers. In all these cases the major portion 
of the cooling is due to the evaporation of some of the water. 
The vapour is absorbed by the surrounding air and the latent 
heat required for the evaporation is obtained from the water 
remaining, which cools in consequence. 

Cooling Ponds — When a cooling pond is used the hot water 
is usually conducted by a shallow open channel a few feet wide 
to the furthest point in the pond, and the cold water is taken 
at a point nearest the condenser. The volume of water in the 
pond also forms a reserve to draw upon should the make-up 
supply be temporarily stopped, or in case of drought when no 
make-up supply is available. 

Cooling Towers. — When there is not sufficient reservoir 
capacity or exposed area either cooling towers or sprayers are 
in common use. If the cooling reservoir or pond is nearly 
sufficient for the load a common practice is to raise the water 
several feet and to distribute it over a simple cooler constructed 
of thin boards over which the water is allowed to trickle in 
cascades, and placed in an exposed position so as to be acted 
upon by the wind. Where space is valuable, however, and 
cheap cooling water not otherwise available, enclosed cooling 
towers are commonly used, where the water is raised to a 
height of 25 feet or so and is then allowed to trickle or splash 
over the surfaces of a series of rods, boards, drain tiles or 
galvanised wire mats, as it descends to the tank below the 
tower. With chimney coolers the cooling portion of the tower 
is enclosed except for the openings for the air at the bottom. 
Above this cooling portion the tower is formed into a chimney 
to induce a draught or current of air through the tower, giving 
a total height of 60 to 70 feet above the tank. Fan coolers of 
the same type are more certain and more effective in action 
than chimney coolers. With these the air is usually forced 
into the tower by motor-driven fans placed at the base, and 
although this type of cooler requires less ground space than 
the chimney cooler the cost of power for the fans and the 
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greater cost of upkeep militates against the general adoption 
of the fan cooler. 

Spray Cooling. — In this system spraying nozzles are fixed 
upon a system of pipes over the cooling pond. They are 
commonly placed at an elevation of several feet and the spray 
is allowed to fall into the pond, the object being to expose the 
maximum surface of water to the atmosphere so as to facilitate 
rapid evaporation and cooling. The water has to be supplied 
to the spraying pipes at a pressure of 18 feet or so of water to 
get effective spraying. 

Reference may be made to the book on Condensers, Air- 
pumps, and Evaporators for a more complete description of 
these various cooling arrangements. 

As mentioned previously the cooling action of the air is 
primarily due to the capacity of the air for the absorption of 
vapour, the latent heat necessary for the evaporation being 
obtained from the water remaining. The principles involved 
are illustrated by the following example : — 

Air is saturated with water vapour at 90° F., the total 
pressure being 14*7 lb. sq. in. ; to find the weight of vapour in 
1 lb. air and the total heat at 90° P. reckoned from 32° P. 

From steam tables the saturated vapour pressure at 90° F. 
is -696 lb, per sq. in., and thus the pressure of the air is (14-7 — 
‘696) — 14 lb. per sq. in. nearly. 

PV 

For 1 lb. of air, and taking — =:53'18, lb., ft., °F., units, 

T 


then, ^=53-18. 

(90+460) 

or, V=:14-5 cub. ft. per lb. 

At 90° F. the volume of 1 lb. saturated vapour is 469*3 cub. ft., 
and thus the weight of vapour per 1 lb. air 


= .031 lb. 

469-3 


Calculating heat quantities from 32° F., 

Heat in 1 lb. air at 90° F. . .=(90 — 32)*24 

= 13*9 B.Th.U. 

Sensible heat in *031 lb. vapour . = *031 x(90 — 32) 

= 1*8 B.Th.U. 



216 


CONDENSATION OF STEAM 


Latent heat in •031 lb. vapour . = 1041 X -031 

= 32-3 B.Th.U. 

Total heat in 1 lb. air and accom- 
panying vapour . . . .=48 B.Th.U. 

Calculating in this manner the diagrams in Fig. 102 have been 
constructed showing the weight of vapour in 1 lb. of saturated 
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Fig. 102. — Weight of vapour and boat contents 
of 1 lb. air saturated with water vapour at 
atmospheric pressure. 

air at various temperatures and the heat contents from 32® F. 
It will be noted how rapidly the vapour contents and the total 
heat increase with the temperature at the higher temperatures. 
An example will show how these diagrams may be utilised to 
estimate the cooling effect and the weight of vapour absorbed. 
Assuming that saturated air at 60® F. enters the base of a 
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cooling tower and leaves saturated at 90° P., the weight of 
vapour absorbed between these two temperatures is 
•031— 011 = *02 lb. per lb. air. 

The corresponding absorption of heat is 

48 — 18=30 B.Th.U. per lb. air. 

If the air at 60° F. at the base of the tower were not saturated 
but had a dew-point 50° P., say, the weight of vapour at inlet 
is that in saturated air at 50° F. The heat contents at inlet is 
obtained by drawing the line A B from 50° P. parallel to the 
straight line a b, giving the point B at 60° F. This is not quite 
true, however, because the vapour at 60° F. is in this case 
superheated 10° P., but it represents too small an amount of 
heat to be worth considering. If the relative humidity at 
outlet is 80% at the outlet air temperature 90° F. then the 
vapour contents at outlet is 

•031 X -8= 0248 lb. per lb. air, 

which means a dew-point temperature of about 84° F. 
Drawing D E parallel to a b gives the heat contents at the 
point E, again neglecting the small superheat. 

Thus the absorption of vapour is 

•0248 — -008= ‘0168 lb. per lb. air, 
and the corresponding absorption of heat is 

40-15=25 B.Th.U. per lb. air. 

If the water is cooled through, say, 30° P., then the weight of 
water is 

?^=.833 lb. per lb. air nearly. 


Thus the percentage evaporation is 

- X 100=2-0% nearly. 

(•0168 + -833) 

If, say, 32 lb. of circulating or condensing water is supplied to 
the condenser per pound of steam condensed then the weight 
of air required for cooling in the tower becomes 


=38-4 lb. per pound of water of condensation. 

•833 ^ ^ 


The average percentage humidity of the air at Greenwich, 
Halle, and Madrid is given by Box* as follows 


♦ A Practical Treatise cn Heat. 
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TABLE 18. Percentage Humidity of Air. 


Month. 

Greenwich. 


Halle 


Madrid. 

ft'’ 

s 

H 

Iluiuiility 
mean of 

24 hours. 

Moan of the day. 

Mean of 24 hours. 

Between 

9 am. and 
i) p.m. 

Between 

2 and 

3 p.rn. 

January . 

36-5 

89 

86 

84 


86 


84 

February . 

38-4 

85 

85 

81 


81 


72 

March 

41 0 

82 

79 

75 


77 


66 

April . 

46 0 

79 

68 

64 


71 


57 

May . 

52 -6 

76 

71 

66 


69 


■ — 

June . 

58-8 

74 

62 

58 


71 


56 

July . 

61-7 

76 

67 

63 


68 


44 

August 

61-4 

77 

70 ! 

66 


66 


45 

September 

56-7 

81 

76 ! 

68 


73 


56 

October 

50-0 

87 

81 

76 


79 


80 

November . 

43-3 

89 

86 

85 


86 


78 

December 

39 -3 

89 

86 

84 


87 


85 

Mean for year . 


82 

76 

72 


76 


66 


To obtain tlie humidity of the air hygrometers are used. 
There are various forms of these instruments and for a full 
description reference should be made to any standard work 
on the theory of heat. The hygrometer in common use, how- 
ever, is known as the wet and dry bulb hygrometer, and 
consists of two thermometers mounted side by side, the bulb 
of one of these being kept wet by a wetted muslin cloth. The 
evaporation from the cloth causes the wet thermometer to 
read lower than the dry one, and on consulting Glaisher’s 
factors (see Table 38, p. 292) the humidity is readily obtained. 

Tn wooden cooling towers the main structure is commonly 
of pitch pine treated with some preservative compound such 
as creosote or sideroleum. All bolts and cover-plates should be 
galvanised, and as far as possible, nails should be avoided in 
fixing or supporting the internal boards or splash-bars for the 
reason that rusty nails cause local rotting of the wood. The 
enclosing boarding should be built so as to be practically free 
from apertures, and placed so as to give a smooth surface 
inside to offer a minimum resistance to the upward current of 
air. Fan coolers are commonly of steel, built cylindrical, with 
the fans at the base. As mentioned previously, the principal 
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cooling action is dependent upon the vapour absorbed by the 
air current, which really involves two more or less separate 
and distinct actions, viz. the heating of the air by contact with 
the surface of the water and the absorption of vapour by the 
heated air. It is obviously important to expose the maximum 
possible extent of water surface to the current of air. For this 
purpose in chimney coolers some makers distribute the water 
over narrow bars of wood, termed splash-bars, so that the 
water drops on the upper surface, whereby some of the water 
is split up into fine drops on rebounding from the surface, the 
remaining water trickling down to the underside of the bars 
and then falling in a similar manner on bars below, until, at 
the bottom of the tower, the water falls as a fine rain. Other 
makers depend on this action to some extent, coupled with 
arrangements of surfaces whereby the water is distributed in 
thin films as it descends over the surfaces. In any case care 
should be taken in the design so as not to impede uselessly 
the upward current of air. 

The current of air through a chimney cooler is induced by 
the difference of density between the gases and vapour inside 
and the air outside the cooler. It can be shown that the 
theoretical velocity of flow, neglecting all frictional resistance, 
is given by 

2^Z (--^“ ) 

where velocity of flow. 

acceleration due to gravity. 

Z~mean height of travel of heated air in tower, 
density of external atmosphere. 

Pi = mean density of gases in tower. 

2 

The above formula only applies when p^ — pi is small 
compared with p, as is the case in cooling towers. To allow 
for the frictional resistance of the internal fittings and sides of 
the cooling tower equation 1 may be modified to the form 



where F is a friction constant. 
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If the temperature of the air and the accompanying vapour 
is known and the air is saturated the mean density in the 
tower can be calculated approximately by the same method 
as is given on p. 215. Similarly, the density of the outside air 

PV 

is calculable by means of the well-known gas law, — =c, 

T 

as is shown on p. 215. 

In testing a cooler the average velocity of the current of air 
is usually obtained by means of an anemometer* placed in 
various positions in the cross-section of the cooler, but it can 
only give roughly approximate values. 

The quantity of cooling water delivered to the tower is 
most easily obtained by introducing a suitable weir or notch* 
at the inlet to the cooler. It may also be deduced approxi- 
mately by calculation from the observations on the tempera- 
tures at the inlet and outlet of the cooler in the following 
manner. First the evaporation per lb. of air is obtained from 
Pig. 102, using the observed data, and the corresponding 
weight of vapour evaporated per cubic foot of air is calculated. 
The average velocity of the air is measured by the use of an 
anemometer, and this, multiplied by the area of cross-section, 
gives the volume of the air-flow. The total volume multiplied 
by the vapour contents per cubic foot gives the total weight of 
evaporation. By consulting the data given in Fig. 102 the 
amount of heat required for the evaporation of this vapour is 
then determined, which is nearly equal to the heat given up 
by the cooling water. Knowing the fall of temperature of the 
water it is then a simple calculation to estimate the weight of 
water falling into the tank below the cooler. The evaporation 
may also be obtained when the condenser is of the surface type 
by shutting off the make-up supply to the tower tank and 
observing the fall of level in a given time when working at 
practically a constant load. The weight of water circulated 
may then be deduced as before. 

Comparatively little data of a reliable nature is available 
from experiments on cooling towers. The following results 
for chimney coolers, however,, seem fairly reliable within their 

* Refer to The Testing oj Motive Power Engines for a description and for 
the method of using this apparatus. 
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limits, and were given by Mr. I. V. Robinson, Wh. Sc., in a 
paper* on ‘‘ Cooling Towers,” or are deduced from his experi- 
mental data. The values in italics were added by the writer. 

The figures of merit given in Table 19 express the number 
of B.Th.Us. taken from the cooling water per second per 
degree Fahr. difference between the air and the water per sq. 
ft. of net ground area or per 100 cub. ft. of cubical contents. 
For example, in No. 1 test the heat given up by the water 


per second is 


190,000x40-5 


Fahr. difference is 


3600 

2140 

31-4" 


2140 B.Th.U., and per degree 
68 B.Th.U. This divided by the 


ground area, 35x20 sq. ft., or by the 


cubical contents 
100 


--168, 


gives figures of merit *097 or -405 respectively. Relatively 
high values would indicate that the cooler was comparatively 
efficient. 

The rate of heat transmission between the water and the 
air is probably not far from the value -004 B.Th.U. per sq. ft. 
of surface of contact, per sec. per degree Fahr. difference of 
temperature. Accepting this value for the purposes of ap- 
proximate calculation it is possible to get a rough estimate of 
the surface of contact and of the average size of the drops or 
its equivalent. For example, again considering the test 

No. 1, the area of contact would be 


68 

17,000 sq. 
•004 ^ 


ft. 


Dividing this by the cubical contents V gives the values in 

the table marked Further, taking it that about 4 sec. 

would be required on the average for a particle of water to 
drop through the tower over the various splash bars or their 
equivalent, the weight of water falling through the air at any 

time would be X 4=211 lb., and the correspond- 

3600 ^ 

211 

ing volume - — = 3*4 cub. ft.=Vo. If the number of falling 
62 

drops in n and the diameter of each drop is d the total surface 
* Jour, West oj Scot. Iron and Steel Inst,, Vol. XIV, 1906-7. 
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A~mTd\ assuming the drops are approximately spherical. 


Similarly, the volume 


Thus, 


Y,Ji 
A 6* 


In this example, 

Vo_ 

A “l7,000~'6 

or, d=*0012 ft. 
-=•014 in. 


From the calculated values given in Table 19 it would 
therefore appear that with a cooling tower working at about 
half the normal load the size of the drops are about -014 in. 
diameter, and at about normal load *024 in. diameter. Although 
the basis of this calculation of the diameter of the drops is 
only a very rough approximation it indicates without doubt 
that to get effective cooling the water needs to be split up 
into a fine rain or its equivalent thickness of film. To get 
more precise data would require a series of well-conducted 
experiments made first on small apparatus, where the working 
conditions would be easily controlled and where fairly accurate 
measurements were possible. 

Evaporative Condensers. — An evaporative condenser usually 
consists of a set of tubes of brass, wrought iron, or cast iron, 
arranged horizontally or vertically so that the exhaust steam 
condenses on the inside of the tubes. Cooling water is allowed 
to flow over the outside of the tubes more or less in films 
which takes up the heat from the metal by contact. Evapora- 
tion of some of this water absorbs most of the heat as latent 
heat and to facilitate this evaporation the condenser is 
commonly placed in an exposed position so that the atmo- 
sphere and the wind take up the vapour, or else air is forced 
or drawn over the surface by means of fans. 

Very few experimental results of a reliable nature from such 
condensers are available, or at any rate from which any very 
definite laws can be deduced. Usually the vacuum obtainable 
is poor when compared with ordinary surface condensers, 
partly on account of the great difficulty of keeping the various 
pipe joints air-tight, and partly because of the very large 
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surfaces necessary to obtain a high vacuum. Difficulties are 
also sometimes experienced on account of the deposits of 
scale on the tubes, and the design should allow of easy removal 
of the scale. Their main advantage when used for small 
reciprocating engines in place of the ordinary surface con- 
denser and cooling tower lies in the reduced capital cost and 
the saving of ground space, as the condenser can often be^ 
accommodated on the roof. Also, because of the small 
quantity of circulating water the power absorbed by the 
pumps is correspondingly small. When the plant is shut 
down in cold weather precautions need to be taken to prevent 
its freezing up. At light loads the circulating water can be 
stopped altogether and the condensation then depends upon 
the cooling action of the atmosphere without evaporation. 

The following data from tests made by Mr. M. Longridge* 
indicate the character of the results obtainable from an 
atmospheric evaporative condenser. The condenser consisted 
of two rows of vertical cast-iron tubes, ten in each row, con- 
nected at the top of each pair of tubes by a bend, and leading 
from one horizontal pipe into another. One of these hori- 
zontal pipes was the exhaust main from the engine and the 
other led to the air-pump. The vertical tubes were 4 in. 
diameter and about i\ in. thick. A cast-iron trough was 
fixed across the row of tubes and immediately over each tube 
a hole in the trough allowed the water to fall directly on the 
centre of the bend. It then ran down the whole length of the 
tube into the cast-iron collecting tank below. The water was 
kept in circulation by means of a pump. During the test the 
outside of the tubes were coated with a thin scale. 

Line 20 in Table 20 were calculated by the writer in the 
following manner, with reference to the first test. 

( Steam inlet temperature — X ^ / 117-5-f 128-4\ 

mean water temperature / * \ 2 / 

=20*7° F. 

After allowing for the probable amount of water in the 
exhaust steam it has been taken that each pound of wet steam 
in condensing would give up about 900 B.Th.U. 


* Report oj the Engine, Boiler, and Electrical Insurance Co,, 1892. 
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Line 20= 


485 

‘3600 


X900X 


272x20*7 


= 0215 B.Th.U. 


From this result a reference to Fig. 94, p. 194, for instance, 
would indicate that the average velocity of the film of water 
over the vertical pipes would be less than 1 ft. per sec. The 
writer estimates that the average thickness of the film of 
water on the pipes would be of the order of *01 in. to *02 in., 


TABLE 20 


TESTS ON AN EVAPORATIVE CONDENSER HAVING VERTICAL CAST-IRON TUBES 

1892 


Date of Test 

Sept. 12 

Sept. 13 

Weather 

Wet. 

Fine. 

Barometric Pressure 

29-8 

29-5 

Atmospheric temperature, °F 

— 

60 

External surface of condenser, sq. ft. .... 

272 

272 

Duration of test, mins. 

99 

115 

Steam condensed per horn, lbs 

485 

417 

Evaporation per hour, lbs. 

364 

334 

Circulating water, lbs, per hour 

6790 

— 

Vacuum in condenser, in. mercury 

23-36 

24-1 

Initial temperature of circulating water in distribution 
trough, °F 

117-5 

113-9 

Final temperature of circulating water in tank below 
condenser, °F. 

128-4 

125 

Temperature of make-up water from town’s main, °F. 

58 

58 

Temperature corresponding to vacuum, °F. 

143-6 

137 

Temperature of water in hot- well, °F. .... 

136-5 

131 

Steam condensed per hour per sq. ft. externa] surface, lbs. 

1-78 

1-53 

Ratio of circulating water to steam condensed 

14 

— 

Ratio of evaporation to steam condensed 

-75 

•80 

Heat transmitted per sq. ft. per sec. B.Th.U. . 

-445 

•384 

20. B.Th.U. transmitted per sq. ft. per sec. per degree 
Fahr. difference between steam and water . 

•0215 

•022 

21. B.Th.U. transmitted per sq. ft. per sec. per degree \ 
Fahr. difference water and air . . . . / 

— 

rnotless 
-[ than 
-0064' 


assuming the water to be fairly evenly distributed over the 
surfaces. 

Line 21 for the second test was estimated in the following 
manner : — 


Mean temperature of water on pipes = 


113*9 + 125 


= 119*5° F. 


Temperature difference between^ , , ^ ^ e-n eo -ci 

\ . X XT. yil9-5— 60=09*5 

water and air not greater than; 

Q — H.T. B.O.B. 
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Therefore line 21 is not less than — 

417 1 

x900x = -0064. 

3600 272x59-5 

According to H. G. V. Oldham* the following results in 
Table 21 illustrate the average rates of condensation obtain- 
able from evaporative condensers under ordinary conditions 
of operation giving a vacuum of about 24 in. of mercury 
(bar. 30 in.) at normal load, with a supply of circulating 
water from ten to fifteen times the weight of steam condensed 
for horizontal tubes, and about five to ten times the weight 
of steam condensed for vertical tubes. 


TABLE 21 


STEAM CONDENSED PER HOUR PER SQUARE FOOT CONDENSING SURFACE 


Condensers with Horizontal Tubes, exposed to atmosphere 


without Fans. 

Lbs. per hour per sq. ft. 

Cast-iron Plain Tubes 

1 to li 

,, ,, ,, ,, exposed to good, steady wind 

Cast-iron Corrugated Tubes, Ledward’s design . 

li to 2 

Hto U 

Wrought-iron Galvanised Tubes 

2 to 2J 

,, ,, ,, ,, or Copper Tubes, in good 


position on roof 

2i to 3 

Condensers with Vertical Tubes. 


Cast-iron Plain Tubes 

IJ to 2 

Brass Tubes, without fan and exposed .... 

3 to 34 

,, ,, with fan at slow speed 

4 to 5 

,, ,, with fan at higher speed and good water 


circulation 

5 to B 


An experimental evaporative condenser of special design 
has been built and tested by J. H. Fitts. f It consisted of two 
rectangular end chambers connected by a series of horizontal 
rows of tubes, each row of tubes being immersed in a pan of 
water. Through the spaces between the surface of the water 
in each pan and the bottom of the pan above, air could be 
drawn by a fan. The steam inlet was connected to the top of 
one of the end chambers, and a horizontal diaphragm about 
midway caused the steam to enter the upper half of the tubes 
and then to flow back through the lower half. An outlet at 
the bottom led to the air-pump. There were 27 rows of tubes, 
8 in some and 7 in others, with a total of 210 tubes. These 

* “ Evaporative Condensers,” Proc. Inst. Mech. Engs.^ 1899. 
f Trans. Amer. Soc. Mech. Engs., Vol. 14, 1892*-3. 
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tubes were of brass, f in. external diameter, No. 20 B.W.G., 
and 4 ft. in. long. The internal condensing surface of the 
tubes was 176-5 sq. ft. There were 27 cooling pans, one to 
each row of tubes, each 4 ft. in. by 1 ft. 9| in. by 1 iV in. 
deep. Water was fed to every third pan and 1^ in. overflow 
pipes fed the rest. The total evaporating surface was 248 
sq. ft. A wood casing connected one side of the condenser 
with a 30-in. fan, and the cooling action was obtained by the 
vapour absorbed by the currents of air drawn over the surfaces 
of the water. 

For the experiments the steam supply was throttled down 
from a boiler, and the cooling water and eondensation were 
measured. The following Table 22 gives an example of the 
results obtained. 

TABLE 22 


Baro- 

meter, 

in. 

mercMiry. 

Vacuum, 

in. 

mercury. 

Temperatures, 

Steam 

temperature 
correspond- 
ing to 
vactmm. 

Hot well. 

Cooling 

wate.r 

supply. 

Water 
in pans 
.above dia- 
phragm. 

Water 
in pans 
below dia- 
phragm. 

Air. 

Dew- 

point. 

28-0 

16-5 

167-5 

149 

60 

140 

115 

70 

62 

Velocity 
of air, ft. 
per sec. 

i 

Volume of 
air moved 
in cub. ft. 
per sec. 

Cooling 
water used 
per hour, 
lbs. 

Steam condensed 
per hour. 

Heat dissipated 
per s(p ft. of water 
surface per sec. 
B.Th.U. 

Approximate rate 
of heat trans- 
mission from 
water to air 
B.Th.U. per s<p ft. 
j)er sec. per 'IC 
between water 
and air. 

lbs. 

lb.s. per 
sq. ft. of 
inside 
tube sur- 
face. 

Top 

pass. 

Bottom 

pass. 

Top 

pass. 

Bottom 

pass. 

38 

108 

1350* 

900 

51 

1*2 

•49 

•023 

•013 


The rate of heat transmission given in Table 22 for the top 
and bottom passes was arrived at by the writer by a roughly 
approximate calculation in the following manner. In the first 
place it was taken that the air was evenly distributed and that 
an equal amount passed over the water in each pan. Taking 
1 lb. air at 70^ F. to have a volume 14-2 cub. ft. the weight of 

♦ Some of this water was lost by overflow over the edges of some of the pans, 
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108 

air flowing per sec. was there 

were thirteen pans and in the bottom pass fourteen. Thus, 

Air through top pass=7-64 xif ==3*68 lb. 

Air through bottom pass=7*64 x 2 t = 3.96 lb. 

Each pound of steam in condensing gaye up about 1100 

B.Th.U. ^ 

rpu TT 4. X 1100 TT 

Thus, Heat per sec. = =275 B.Th.U. 

^ 3600 

From a consideration of the amount of heat absorbed by 
1 lb. of saturated air (see Fig. 102, p. 216) it was estimated 
that about *7 of the total heat was absorbed in the top pass 
and about *3 in the bottom pass. 

Top Pass. — ^For the first approximation, 

*7 X 275 

Total evaporation in top pass= 

^ (1030 + 140-60) 

192*5 

== 111 — =*173 lb. per sec. 


or, 


•173 


3*68 


= •047 lbs. per lb. of air. 


where approximately 1110 B.Th.U. were required for each 
pound of water evaporated. This calculation, however, does 
not take into account the heat absorbed in heating the air. 
For the second approximation the calculation then proceeds, 
as follows : From Fig. 102, p. 216, the vapour in each lb. 
air at 70° F. with dew point 62° F. is *012 lbs. 

Thus, Total vapour per lb. air= 047 + *012=*059 lb. 
Again from Fig. 102 the corresponding outlet temperature 
of the air is 110° F. Allowing for the heating of the air the 
probable temperature will be about 106° F., for. 

Heat to air=3*68x*24x(106-70)=32 B.Th.U. 

Heat available per sec. for heating water and evaporation 
= 192*5-32 
= 160*5 B.Th.U. 

.*. Evaporation=^^^^=*1445 lb. per sec. 


or, = 


1110 

•1445 


*0393 lb. per lb. air. 


Total vapour= *0393 + *012= *051 lb. per lb. air. 
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From Fig. 102 this agrees with the saturation temperature 
106° F. Probably the air leaves non-saturated at a rather 
higher temperature than 106° F., but accepting this value, 

Tir Hi. 1^/^ /70 + 106\ ^ 


Mean difference of temperature =140- 


*Heat absorbed at evaporat-^ 
ing surface per second ) 
Heat absorbed per sq. ft. per\ 


: 192-5 

5 1110 


= 52° F. 


:143 B.Th.U. 


24Sxi^. 

.*. Heat per sq. ft. per sec. perl 

deg. Fahr. diff. between^ = =-023 B.Th.U. 

waLandair J 2«xi?x52 

In a similar calculation it was deduced that the correspond- 
ing rate of heat transmission at the evaporating surface for the 
lower pass was -013. These values indicate that the rate of 
heat transmission increases rapidly with the temperature of 
evaporation. 

According to the values deduced the rate of air-flow over 

the surface of the water was — 

w 1 

_==t;p=38x~— =2-7. 
a ^ 14-2 


= 1-2 B.Th.U. 


-023 B.Th.U. 


In the above paper Mr. Fitts also gave a curve showing 
the evaporation per square foot of surface at different water 
temperatures, both when working with the fan and when 
exposed only to still air. The full data, however, on which these 
curves were based were not given, but accepting his results 
the evaporation in still air was about one-sixth of that obtained 
when the fan was working at the rate mentioned in Table 22. 

The experimental determination of the loss of heat from 
cooling ponds or reservoirs is somewhat difficult, and at the 
best only very approximate, because of the large masses of 
water involved and the uncertainties respecting the average 
temperatures. The state of the weather and the humidity of 
the atmosphere also influence the rate of evaporation to a 
considerable extent. 


The following test was made by H. W. Barkerf on a cooling 


* The fraction f allows for heat absorbed from underside of pans, 
t “Cooling Reservoirs for Condensing Engines,” Froc, Inst, Civil Enga., 
Vol. CXXXII, 1897-98, Pt. II. 
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pond supplying condensing water for a triple-expansion engine 
working at about 1350 I.H.P. during the day, and also for a 
compound engine at about 300 I.H.P. during the night. 
There were two reservoirs. The water from the hotwell was 
carried in cast-iron troughs to the most distant one, from the 
bottom of which, at the opposite end, the coldest water was 
taken and delivered on to the surface of the second. The 
injection water was taken from the bottom of the other end 
of this second pond. The following results were observed or 
calculated : — 

tablp: 23 


Average temperature of air during week 

, „ . . f Monday morning . . . , 

lomperaturo of D.jocfon water, ^ . . . . 

Temperature of hot-well, {KZyToor^ ! ! 1 ! 

Moan difference of temperature between water and air 

Heat dissipated per sq, ft. per sec. B.Th.XJ. 

,, ,, ,, ,, per degree Fahr. difference water 

and air, B.Tli.U. 


61°F. 
79° F. 
88° F. 
117°F. 
124° F. 
41°F. 
•08 


•002 


The results of several weeks’ observations on the cooling 
of condensing water in a pond at Wampum, Pa., were given 
in a paper* by W. B. Buggies. The area of the pond was 
about 288,000 sq. ft. ; average depth 5*4 ft. ; capacity 
1,543,000 cub. ft. The water from a barometric condenser 
flowed about 50 ft. through a tile pipe, into the east end of 
the reservoir about 100 ft. from the north end. A dyke was 
built south of this inlet extending about 50 ft. towards the 
centre of the reservoir and then north nearly to the north end. 
This compelled the water to flow a distance of about 1100 ft. 
before it reached the intake to the power-house. Temperatures 
taken about 100 ft. apart showed that the mean water tempera- 
ture was practically an average between the inlet and outlet. 
The make up water was pumped into the pond from a river. 
The following results given in Table 24 are based upon the 
observed temperatures and the calculated amount of heat 
and water dealt with during each week, allowing for the 
heating up of the make-up supply to the pond, and the 

♦ Trans, Amer^ ISoc, Mech, Engs,, Vol. 34, 1912. 
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heat absorbed by the water in the pond during the period 
of each test. 


TABLE 24 


Date of teat 

Week ending 
7th May, 
1011. 

Week ending 
12th J Illy, 
1011. 

Week ending 
27th Nov,, 
1011. 

Average temperature of air, ° F. . 

510 

78-4 

33-3 

Average humidity of air, per cent 

58-5 

62*3 

71-2 

Average temperature of intake to power- 




house, F. . 

72-75 

91-4 

61-7 

,, ,, ,, water from con- 




denser, ° F. 

101-4 

129-4 

90-7 

,, ,, ,, reservoir, ° F. 

,, ,, difference between 

87-0 

110-0 

76-7 




water and air, °F. 
Heat dissipated per sq. ft. per sec., B.Tli.U. 

\ 

360 

31-6 

43-4 

-037 

-033 

•039 

->> •> 1 

per degree Fahr. difference water V B.Th.U. 

♦00102 

•00104 

•0009 

and air ) 


1 



An interesting and instructive series of simple experiments 
on the rate of evaporation of water at different temperatures 
placed in calm air were made by Thomas Box.* He suspended 
from a very delicate balance a vessel 12 in. square, 2J in, 
deep, containing about 7| lb. of hot water. To prevent losses 
from the sides and bottom of the vessel he enclosed it in 
another vessel with about an inch of wadding between. The 
atmosphere had a temperature 52° F. and humidity about 
86%. During each experiment the temperature of the water 
and the weight evaporated (usually a small fraction of a pound) 
were noted and the time taken. From the known weight of 
water and the drop of temperature the amount of heat dissi- 
pated was easily calculated. Twenty-one experiments were 
made and the results plotted to smooth out the incidental 
experimental errors. The total heat dissipated per sq. ft. 
per second and per degree Fahr. difference of temperature are 
shown in Fig. 103, It will be noticed that curve A in this 
figure is similar in character to the total heat per lb. of air 
curve in Fig. 102, p. 216, and also similar to the curve of 
weight of vapour per lb. of saturated air. Another interesting 
point to notice is that the heat dissipated at the boiling 


* 4 Practical I'reati^e qn Heat 
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temperature (212° F.) is what would be expected from the 
general nature of curve A. The curve B in Fig. 103 signified 
that the rate at which heat is dissipated is much greater than 
might be expected from the difference of temperature between 



Fig. 103. — Loss of heat by evaporation from water in calm air ; 

Box’s experiments. 

the water and the air in contact with it. In fact, Dalton’s 
theory of vapour pressure states that the rate of evaporation 
is proportional to the difference between the vapour pressure 
corresponding to the temperature of the water and the vapour 


B. Th. U. PER. SO. FT. PER SEC PER DEG. FAH DIFF. WATER TO AIR 
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pressure in the surrounding or enclosing atmosphere. It is 
obvious that if the water were completely enclosed in a vessel 
the pressure of the vapour in the enclosed air would ultimately 
equal the vapour pressure of the water, but when the vessel 
is open, currents are set up in the air removing the air which 
has become more or less saturated and replacing it with fresh 
air. It can be shown that saturated air is less dense than non- 
saturated air at the same total pressure, by calculations similar 
to those given on p. 102, and thus the air over the surface of 
water as it absorbs vapour tends to rise. Experience also 
shows that the rate of evaporation increases if the air velocity 
relative to the surface of the water increases either due to 
wind or due to mechanical draught. 

Box tested the results of his experiments in the light of 
Dalton’s theory of vapour pressure and found that they 
nearly obeyed the law. 

E = (a+bt)(V-p) (1) 

where E= evaporation per unit of area and time 
^—temperature of water 
P= vapour pressure at water temperature, 
p= ,, ,, in surrounding air. 

The writer has checked this relation by plotting the values 
E 

of — — against the temperature t, 
r—p 

Expressing E in pounds of evaporation per sq. ft. per hour, 
t in degree Fahr., P and p in inches of mercury, it was found 
that between the water temperatures 100^ F. and 212° F. the 
results were closely represented by — 

E=(-0313 + -0005450 (P-p) (2) 

At about 80° F. this law gives values a little lower, and at 
52° F. slightly higher than the experimental results. 

For example, if ^=102° F., P=2*045 in. mercury, p at 52° 
F. and humidity 86% is -3903 x *86= *335 in. mercury. 

Thus, E = (-0313 + *000545xl02) {2-045--335) 

— •149 lb. per sq. ft. per hour. 

It would also be recognised from the above equation that 
when the temperature of the water is near that of the air the 
humidity of the air is an important factor because it affects 
the value of p. If the water has a high temperature then the 
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value of P is correspondingly large and the influence of p and 
the humidity of the atmosphere is relatively much less. 

Box’s experiments were made on a vessel of only 1 sq. ft. 
surface area. With cooling ponds of large area it is probable 
that the rate of cooling and the rate of evaporation in calm 
air would be somewhat less than in the above experiments 
because the currents of air would hardly be able to flow as 
readily across a large surface as with a small surface. The 
wind and rain also introduce other factors which are hardly 
calculable. In the case of running water in an open channel 
it is likely that the rate at which heat is dissipated to the 
atmosphere is greater than with practically stationary water. 

Box also made a few experiments on the rate of evaporation 
from water at atmospheric temperature under different con- 
ditions of wind. He used a vessel 3^^^. in. diameter suspended 
from a delicate balance. The results obtained are given 
below in Table 25 and it is seen that the wind had a consider- 
able influence on the rate of evaporation. 


TABLE 25 


Liquid, 

State of wind. 

i 

Temp, 
of ail. 
”F. 

Humid- 
ity of air, 
percent. 

Pounds 
evaporated 
per sip ft. 
per hour. 

Calculated 
evaporation 
for still air. 
Lbs. sq. ft. 
per hour. 

Ratio. 

Kvapomtion 
with wind. 

Evaporation 
in calm air. 

Water . 

Dead calm . 

GO 

71 

•0081 

•0081 



do. . 

Fresh breeze 

57 

57 

•0475 

•0109 

4-4 

do. . 

Strong wind 

53 

59 

•0781 

•0089 

8-8 

do. . 

Gale . 

52 

74 

•0672 

•0054 

12-4 

1 

2 

3 

4 

6 

6 

7 


From his experiments Box also deduced for the evaporation 
in still air with the water at or near atmospheric temperature, 
Evaporation=(P— p)-054 lb. per sq. ft. per hour. 

where P= vapour pressure of water at the temperature of 
the air, inches mercury. 

p—vapour pressure of the air as shown by the 
hygrometer, inches mercury. 

This expression has been used to give column 6 in Table 25, 
and column 7 has been derived by dividing column 5 by the 
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values in column 6. Prom these results it is seen that the 
velocity of the air has an important influence on the rate of 
evaporation. 

Box also quotes the results of some experiments made over 
lengthy periods with water at natural temperatures. In one 
case a Mr. Greaves made a light slate cistern and set it afloat 
on a raft in a mill-stream. It was 3 ft. square, 1 ft. deep, and 
immersed to a depth of 4 in., with 4 to 6 in. of water con- 
tinually in it. This cistern was fully exposed to the sun, 
wind, rain, and evaporation, and the depth of the water in it 
was measured periodically over ten years, being compared 
with an adjacent rain gauge. The mean result showed an 
average evaporation of 21 in. per annum, the mean rainfall 
for the same period being 25J in. Mr. Fletcher found an 
annual evaporation of 47 1 in., as a mean of seven years’ 
observations with a small vessel fully exposed 5 ft. above the 
ground, and a Mr. Miller at Whitehaven obtained an annual 
evaporation of 30 in. as a mean of six years when the mean 
rainfall was 45*25 in. In this case, the mean evaporation 
varied from *88 in. in the month of January to 4*547 in. in 
June, decreasing again to 1*087 in. for the month of December. 
These various results therefore indicate that, even at natural 
temperatures, the natural rate of evaporation is not far from 
the amount of rainfall on the same surface in this country, 
and therefore it seems obvious that, considering the much 
greater rate of evaporation in ponds for cooling condensing 
water, provision is generally needed for a make-up supply, 
either in the way of fresh feed for the boilers or for a direct 
supply to the pond where the feed water is taken from the 
pond or reservoir, not only to balance the loss by evaporation 
but also to make up for leakage. 

Whilst the required size of cooling pond depends upon the 
amount of heat to be dissipated it depends also on the character 
of the load on the steam power plant. If a plant works continu- 
ously night and day the cooling pond would need to be of 
comparatively large area, but could be made shallow if the 
make up supply was certain in periods of drought. In the case 
of a plant working on a day load only, and particularly if 
stopped at week-ends, the pond may have a much smaller 
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area than in the other case, but may with advantage be 
deeper, so that during the working period there would be a 
comparatively large mass of water heating up slowly, and 
cooling again during the night and at week-ends. 

The following calculations will illustrate how the dimensions 
of ordinary cooling ponds may be calculated approximately. 

Example I. — ^A steam engine working night and day at 
1000 I.H.P. uses 131b. of dry saturated steam per I.H.P. 
per hour. The steam pressure is 170 lb. sq. in. absolute and 
mean exhaust temperature 120° P. The mean atmospheric 
temperature is 52° P., and the water is to be cooled from 
120° F. to 80° P. in the pond. 

From steam tables : — 

Total heat supplied to engine per lb. steam = 1 195 — 87*9 

= 1107 B.Th.U. 


Heat converted to work per lb. steam 


1 X 33000 X 60 
778x13 


= 196 B.Th.U. 

Loss by radiation, etc., from engine, 1107 x •05=55B.Th.U.,say. 
Heat sent to condenser per lb. steam =1107 — 196 — 55 

= 856 B.Th.U. 


Heat per I.H.P. per second to pond 


856x13 

“3600 


= 3 09 B.Th.U. 

Heat dissipated per sq. ft. per sec. at 80° F. == -04 B.Th.U., 


say 

Heat dissipated per sq. ft. per sec. at 120° F. =*13 B.Th.U., 


say 

Mean=-085 B.Th.U. 

30 _j_ 1 20 

Mean water temperature — = 100° F., say. 

2 

Heat dissipated per sq. ft. per sec. at 100° F. = -07 B.Th.U. 

T> V. 1.1 '07“f~*085 

Probable mean = 

2 


Area of surface per I.H.P. 


= •078 B.Th.U. 


3-09 

•078 


= 39*6, say, 40 sq. ft., 


or, for 1000 I.H.P. =40,000 sq. ft. 
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The depth of the pond or reservoir would depend upon 
whether cheap make-up water were available or not. For 
example, if it were desirable to provide a sufficient volume of 
water so as to be able to dispense with make-up supply for 
one month, say, then, 

Probable mean rate of evaporation per sq. ft. per hour 
= •15 lb., or, for one month of four weeks the evaporation 
per I.H.P. would be 

•16x24x7x4x 40= 4030 lb. 

or, =^®=65cub.ft. 

62 

40 X depth =65 
65 

or, depth = — = 1 - 63 ft. 

40 

or, say, 2 ft. roughly. 

In addition to this, some provision would need to be made 
for accumulation of mud and sand at the bottom of the pond, 
say, 2 ft., and thus the total depth might be made 4 ft. for the 
normal water level. 

Example II. — The same engine as in Example I working 
night and day except for a week-end stoppage of thirty hours. 
During the week-end it is required to allow the pond to cool 
through an average of 20"^ F. in the thirty hours. The same 
quantity of cooling water is supplied per working hour as in 
the previous example and the mean pond temperature is again 
100° F. 

Thus the outlet and inlet temperatures at the pond are : 
Soon after starting on Monday, 70° F. and 110° F. respec- 
tively, and on stopping for the week-end are, 90° F. and 130° F. 
respectively. 

Working as in the previous example the mean rate at which 
heat is dissipated per sq. ft. of surface per second is, on Monday 

morning, -058, and on stopping *108, giving a mean ^ 

2 

= *083 for the working period. During the week-end stoppage 
the same value *083 would represent sufficiently nearly the 
rate of heat loss per sq. ft. per second. 
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Heat supplied to pond in 138 hours per I.H.P. 

= 309x3600x138 


= 1,535,000 B.Th.U. 


This is divided into two parts, the loss from the pond 
during working hours and the loss during the stoppage. 
Thus, during working 138 hours heat lost per I.H.P. 


138 

= 1,535,000 X 

(138 + 30) 

= 1,260,000 B.Th.U. 


.*. Area of pond _ 1,260,000 

per I.H.P. ~ 3600 x 138 


30-6 sq. ft. 


or, =31 sq. ft., say, 

and for 1000 I.H.P., total area =31,000 sq. ft. 

The mass of water in the pond has to be sufficient to store 
1,535,000- 1,260,000 = 275,000 B.Th.U. per I.H.P. for dissipa^ 
tion during the week-end period of thirty hours, and since the 
water cools 20° F. on the average. 

Then, Weight of water= ^-'^'-- -= 13,7.50 lb. 


Voliime=P!.l®i*=222 cub. ft. 

62 

Thus, xdepth=222 

222 

or, Depth=-^=7*16 ft. 
or, say, 7 ft. 

Here again two or three feet might be added to the depth 
on account of accumulation of sand and mud at the bottom, 
and to allow for the possible lack of make-up supply in case 
of drought. 



CHAPTER III 


TRANSMISSION OF HEAT IN EVAPORATORS 

Evaporators. — Evaporation is commonly applied to the 
concentration of liquid solutions. This may be accom- 
plished by boiling the liquid over a fire or furnace, but 
more usually in practice the heat for evaporation is obtained 
from condensing steam, where the steam is allowed to condense 
on the surface of tubes and evaporation proceeds at the other 
surface at a lower temperature. Not only is it convenient to 
utilise steam in this way, but considerable economy in evapora- 
tion may be obtained by making use of multiple effect evapora- 
tion. In this arrangement steam is supplied to the first effect 
of the series wherein it is condensed either inside or outside 
suitably arranged tubes. At the other surface the heat sup- 
plied evaporates some of the water from the boiling liquid, 
and the vapour or steam thus formed is then led to the second 
effect of the series in which the same process goes on as in the 
first but at a lower temperature, with the result that more than 
one pound of water can be evaporated per pound of steam 
supplied to the first effect. For example, with a six-effect 
evaporator the evaporation is something like four or five times 
the amount of steam used. 

Special considerations sometimes prevents the adoption of 
such an elaborate arrangement of multiple-effect evaporator, 
as, for instance, where the nature of the liquid makes it 
undesirable to raise it to a comparatively high temperature, 
and only one or two stages are then used. Or the single stage 
evaporator may be used when the rate of heat transmission is 
low and when close regulation is necessary, as in vacuum 
pans for the final concentration of sugar solutions. Also the 
evaporators used on board ship for obtaining distilled water 
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from sea water for the make-up supply and other purposes are 
commonly made single stage because considerations of weight 
and space prevents the use of an elaborate arrangement. But 
in such cases reasonable economy may be obtained even by 
using only single evaporators, taking steam either from the 
boilers or from some lower pressure stage at the engines, and 
then sending the steam generated at the evaporator into 
another lower pressure stage or to the feed water heater. 
Whilst somewhat less than a pound of water is thereby 
evaporated per pound of steam condensed in the evaporator, 
a certain amount of work may also be obtained at the engines 



by the procedure above mentioned, either from the steam 
before it reaches the evaporator, or from the steam generated 
in the evaporator, or in some cases from both. If the steam 
generated in the evaporator is sent to the feed heater most of 
the heat in the steam is returned to the feed water. 

Multiple -Effect Evaporators. — These ervaporators are used 
for the concentration of sugar solutions, meat extracts, glue, 
gelatine, caustic soda and other chemical solutions, waste 
alkaline liquors from paper mills, wood extracts for tanning or 
dyeing, for the production of fresh water from sea water, etc. 

The diagrammatic sketch in Fig. 104 illustrates a three-effect 
evaporator of the calandria type. The liquid boils inside the 
tubes and the steam condenses On the outside, a large down- 
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comer tube being also introduced to facilitate the circulation 
of the liquid. The vapour or steam formed in effect I passes 
to the heating side of effect II, and similarly the vapour 
formed in II is the heating steam for effect III. The steam 
supplied to effect I may be taken directly from the boilers, or, 
as is a common and economical practice, the exhaust steam 
from the mill engines at about 5 lb. per sq. in. gauge is utilised 
for the purpose. The water of condensation from No. 1 effect 
is usually returned as hot feed to the boilers. 

The hot liquid to be concentrated passes into effect I. 
Due to evaporation a certain amount of concentration takes 
place and the liquid passes over to effect II, where further 


Vapour Vapour Vapour Vapour to Condenser 



Fig. 105. — Temperatures and densities in quadruple -effect sugar- 
juice evaporator. 

concentration is obtained. Similarly, the final concentration of 
the liquid takes place in No. Ill effect, and from this the con- 
centrated solution is extracted by a pump. 

One of the most important uses of multiple evaporators is 
the concentration of sugar solutions. In a sugar factory the 
process of evaporation consists of two parts : (1) The juice 
is supplied to a multiple evaporator with a density of 12 to 
18 degree Brix. and is concentrated to about 55 degree Brix. 
(2) The syrup is then further concentrated in a single-effect 
vacuum pan to a final density of about 95 degree Brix. under 
conditions suitable for crystallising the sugar. The multiple 
evaporator may have two, three or four effects according to 
circumstances, the first effect being supplied with steam at 
a little above atmospheric pressure ; commonly the exhaust 
steam from the factory engines is used for this purpose. Fig. 105 
illustrates diagrammatically the sequence and arrangement of 
a quadruple-effect evaporator with temperatures and densities 

R— H.T. B.C.B. 
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obtained from a test under factory conditions.* The juice is 
supplied to the first body or effect and then passes in succession 
to the other effects. The density of the juice leaving the last 
effect is regulated by hand valves placed between each pair 
of effects on the liquor pipes. 

Vacuum pans, as commonly constructed, consist of a vessel 
or calandria containing one or more conical copper coils. The 
heating steam is supplied to the inside of the coil, and the 
vapour from the vessel passes to a condenser. 

The calandria type of evaporator, shown in Pig. 104, is 
particularly suitable for dealing with solutions of a frothy 
character, since it allows large cubic capacity and little or no 
liquid is carried over by the steam into the next evaporator. 
A disadvantage under some circumstances is the large bulk 
and weight for the amount of evaporation obtained. Also, 
when concentrating a liquid such as glue or gelatine it is 
desirable to have the concentration carried out in the shortest 
possible time of contact as heat treatment of long duration 
tends to cause a darkening of the resultant product. A six- 
effect multiple evaporatorf of compact arrangement is shown 
diagrammatically in Fig. 106, representing the Yaryan evapora- 
tor as made by Mirrlees Watson Company, Ltd., of Glasgow. 
The effects are numbered 1 to 6 in order, effect 1 working under 
relatively high temperature conditions, the temperature falling 
between each stage until effect 6 is reached, the conditions 
being then near to ordinary condenser temperatures. This 
arrangement is also largely used for the distillation of water 
from sea water in arid countries where fresh water is not 
otherwise obtainable. 

When evaporating sea water the steam generated in the 
last effect 6 is passed through two separators to ensure that no 
brine passes with the vapour into the' 1st heater and into 
the condenser. Part of the sea water, after circulating through 
the condenser, is taken into the 1st heater, which is a tubular 
condenser of special form, and this water is heated at the 
expense of the latent heat in the steam from the last effect. 

* E. W. Kerr^ “Capacity and Economy of Multiple Evaporators,” Jour. 
Amer. Soc. Mech. Engs., July, 1916. 

f Reproduced from paper on “Multiple Effect Evaporation,” by Mr. C. 
Day, Manch. Ass. Engs., 1905. 
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The water then passes through the 2nd heater, of form similar 
to the 1st, where it receives further heat from the water of 
condensation leaving the last effect. This water of condensa- 
tion then passes into the condenser from the 2nd heater, and 
thus the total water of condensation obtained from the effects 
2 to 6 is taken by the pumps from this condenser. The sea 
water leaves the 2nd heater and enters special heater tubes in 
the last effect 6 where it is heated at the expense of some 



of the heat in the condensing steam, and it then passes through 
similar heater tubes in each effect, receiving a certain amount 
of heat at each stage. From the heater tubes in the 1st effect 
it may then pass into the “ lime catcher ’’ as it is called, and 
then back into the evaporation tubes of No. 1 effect, or it 
may be passed directly from the heater tubes of No. 1 effect 
into the evaporator tubes. The “ lime catcher is a vessel 
arranged with a steam heating coil, whereby the brine may 
be heated to a relatively high temperature so that it will 
deposit in the lime catcher some of the salts in solution, 
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thus obviating an excessive deposit of these salts in the 
evaporator tubes of the various effects. 

The heating steam in the 1st effect is supplied directly 
from the boilers through a throtthng valve at about 40 lb. 
per sq. in. gauge, and the exhaust steam from the various 
steam pumps on the plant also exhaust at this pressure into 
this effect, I'he water of condensation from this effect is 
usually returned to the boilers. The circulating brine and 
the steam generated in this 1st effect pass through the special 
separator Sj, and the steam from this separator is passed into 


TABLE 26 


Number of 
effect or 
fitage. 

Ai)]jro\imato 
Hteani 
prehsuio 
lbs. sq. in. 
absolute. 

Approximate 

steam 

temperature 

°F. 

Approximate 
difference of 
temperature (steam to 
vapour) at each stage, 

“F. 

1 

56 

288 

26 

2 

36 

262 

26 

3 

23 

236 

26 

4 

14 

210 

28 

5 

8 

182 

30 

6 

4 

152 

36 

Condenser 

1-5 

116 



the 2nd effect to evaporate more water from the brine led 
from the separator Sj into the evaporation tubes in this effect. 
At each subsequent stage or effect the steam and brine are 
separated in a similar manner. The brine is gradually con- 
centrated and is eventually extracted from the separator at 
the last evaporator 6 and discharged to waste by a special 
pump. The whole of the water of condensation obtained from 
the brine is eventually withdrawn by the vacuum pump from 
the condenser. It is seen from the illustration, Fig. 106, that 
the total water of condensation produced up to any stage or 
effect is led to the steam side of the next effect. 

Pipe connections to the condenser vent the air from the 
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various effects, the cocks usually being left open just sufficiently 
for this purpose. 

The action and purpose of multiple-effect evaporators will 
perhaps be more clearly understood from the following calcula- 
tions relating to a six-effect evaporator for the production of 
distilled water from impure water or from sea water. For this 



Fig. 107. — Approximate temperatures 
sextuple |effect evaporator when 
( evaporating sea -water. 


purpose take the steam pressures and temperatures at the 
various effects or stages 1 to 6 to be approximately represented 
by the values in Table 26. 

For the purposes of comparison consider the following to 
represent four different conditions of operation. 

Case (a) — ^With the temperature conditions specified in 
Table 26, and using the special heater tubes for the brine at 
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each effect, as in the Yaryan evaporator, so that the brine is 
heated to within 10° F. of the temperature of the heating 
steam in each effect. Brine enters the heater tubes of effect 
No. 6 at 97° F. The scheme of temperatures is exhibited by 
the sketch in Fig. 107. 

Case (b) — Conditions as in (a) except that no heater tubes 
are used, the brine entering effect No. 1 at 97° F. 

Case (c) — Conditions as in (a) but in addition the brine is 
heated by boiler steam in the special “ lime catcher ” from 
278° F. to 310° F., and is then passed through a throttling 
valve into the evaporation tubes of effect No. 1 at 262° F. 

Case (d) — Conditions as in (b) but in addition the brine is 
heated by boiler steam from 97° F. to 310° F. in the special 
‘‘ lime catcher ” and is then passed through a throttle valve 
into the evaporation tubes of No. 1 effect at 262° F. 

In the following calculations let it be further specified that 
1 lb. of dry saturated steam at 288° F. is supplied to the No. 1 
effect and that the water of condensation is returned to the 
boiler at 288° F., and that the water of condensation leaves 
each effect at the same temperature as the steam in that 
effect ; also, that the concentrated brine is discharged to 
waste from effect 6 when from each pound of brine originally 
supplied three-quarters of a pound of water has been evapor- 
ated. 

For calculations such as the following representing a first 
approximation it will be sufficiently accurate to take the 
specific heat of the brine as unity. 

_ /pounds of brine supplied to evaporator per pound 

^ lof steam condensed in No. 1 effect. 

Case (a) — Effect No. 1. 

Latent heat available from 1 lb. steam at 288° F.=920 B.Th.U. 

,, ,, of 1 lb. steam at 262° F. =937 B.Th.U. 

Heat required in heater tubes to^ -p, 

uorjoTii y =2/ X 26 B.Th.U. 
raise y lb. brine through 26 F. j ^ 

Q20 7/ V 26 

Evaporation= =(*982 — -02781/) lb. 

937 

Let a; lb. be the evaporation produced in throttling y lb. from 
278 to 262° F. 
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Then, y (278-262)=a: x937 

a;=i^=-0171«/lb. 

937 ^ 

Total evaporation =-982 — *0278?/ + *017 li/ 

= (•982 -*0107^) lb. 

Weight of brine passing to next effect=2/— (-982 — -01072/) 

= (1-01072/--982) lb. 

Water of condensation drained to boiler =1 lb. 

Effect No. 2. 


Weight of steam from 1 =(-982 — •01072/) lb. 

Heat available by condensation =(*982 — -01072/) X 937 

= (921-10-032/) B.Th.U 

Heat to raise y lb. brine through 26° F.=2/ X 26 B.Th.U. 


Evaporation 


921-10-032/-262/ 

^55 


= (•965 --03772/) lb. 

Evaporation by throttling of brine, 

(1-01072/ -**982) X 26=0; x 955 

o;=(- 027552/- -02675) lb. 

Total evaporation =(-965 — -03772/) + 

(-027552/- -02675) 
= (-9382--010l2/) lb. 
Brine to No. 3 effect =(1-01072/ — *982) — 

(-9382 --01012/) 
= (1-02082/ -1-9202) lb. 

Drainage to No. 3 effect =(-982 — -01072/) lb. 

Calculating in this manner at each stage we get finally 
Effect No. 6. 


Heat available by condensation=( -805 — -008622/) X 1006 

= (810-8-672/) B.Th.U. (1) 

}h3.66SS-.0S,5„3« 

=(110-M85i/) B.Th.U. (2) 

Heat available by throttling 
brine through 36° F. 


=(37-7y-161) B.Th.U. (3) 
=y X (142— 97)=y X 46 

B.Th.U. (4) 


|=(l-0481?/-4-4738)36 


Heat for y lb. brine 
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Total evaporation in 6 


(l)+(2)+(3)-(4) 

1027 


=::(-739-*0167?/) lb. 

Brine to overflow =-(l*0481?/ — 4*4738) —(•739 — 

•0167t/) 

= (l*0648i/-5*2128) lb. 

Drainage to condenser —(3*6688 — *03951?/ + *805 — 

*008621/) 

=:.(4.4738-.0481^) lb. 

But, 1*0648^ — 5*2128— *25?/ (specified on p. 246) 

or, *8148?/==5*2128 
or, ^—6*4 lb. 

Water evaporated =6*4 x *75 = 4*8 lb. 

That is, 4*8 lb. of water have been evaporated per pound 
of boiler steam condensed in the effect No. 1. 

Allowing, say, a 10% reduction of evaporation due to 
external radiation, etc., the evaporation then becomes 4*8 x 
*9=4*3 lb. 


Also, probable brine supply per lb. steam=6*4 x *9=5*8 lb. 
Assuming the boiler could generate 11 lb. of steam per pound 
of coal burned under the ordinary conditions of operation, 
then the total evaporation obtained per pound of coal burned 
becomes 4*3 x 11 = 47*3 lb. 

Neglecting all losses of heat by radiation, etc., it can be 
shown that the total heat rejected by the plant must be equal 
to that supplied by the heating steam in the No. 1 effect. 
Thus, if P. is the sea- water temperature, and taking the 
specific heat to be unity. 

Heat lost by brine at discharge =*25 x 6*4 x (116— ^)B.Th.U.(l) 

Heat rejected by No^ 6 effect U(4.„38_.o48ij,) , 152 -,) 
to heaters and condensers J 


Heat recovered by brine at 
heaters 


+(-739--0167y) (1027 + 

116-<) 

= 4-166(152-<) + -632(]143-«) 
B.Th.U. (2) 

1=6-4(97 -<) B.Th.U. (3) 
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Heat rejected by plant =::(l)+(2) —(3) 

=-(185-l-6^) + (633-4-166^) 

+ (723-*632^)-(621-6-4^) 
-920 B.Th.U. 

This is the amount of heat supplied by the 1-lb. heating 
steam in the No. 1 effect. 

It also follows that even had the calculations taken into 
account certain radiation losses occurring at each effect, the 
heat supplied by the heating steam at No. 1 effect would be 
equal to the heat subsequently lost externally by radiation 
plus that rejected by the condenser circulating water and the 
brine discharge. 

Neglecting the external losses of heat the amount of water 
evaporated in the several effects and the amount of brine 
entering arc as follows : — 


Number of 

Water evaporated 
per Ib/steam supply, 
lbs. 

I Weight of brine entering each ofTect 

per lb. .steam supply. 

eft'ect. 

* Evaporation tubes, 
lbs. 

Heater tubes, 
j lbs. 

1 

•914 

6-4 

6-4 

2 

•874 

5-49 

0-4 

3 

•835 

4-Gl 

6-4 

4 

•794 

3-78 

6-4 

5 

•750 

2-98 

0-4 

6 

•033 

2-23 

6-4 


Total 4-8 lb. 

1 -0 to 
overflow. 

' 


Case (b) — Brine heated in No. 1 effect from 97^ F. to 262° F. 
Calculations similar to those for conditions (a) lead to the 
following results without allowing for external losses of heat 
^—4*05 lb. 

.75y--3-04 lb. 

—Total evaporation per pound steam used in No. 1 
effect. 

Again deducting 10% as an allowance for the reduction of 
evaporation due to external heat losses, then. 

Total evaporation=3*04 x •9=2-74 lb. 

* The evaporation produced by the tlirottling of the brine supply at each 
effect is neglected in this tabulation. 
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By comparison with the results in case (a) it is seen that the 
use of the heater tubes at each effect as in case (a) results in 
considerable economy. 

Case (c) — In this case a certain amount of heat is supplied 
to the brine in the ‘‘ lime catcher ” by the boiler steam and 
is carried by the brine into the No. 1 effect through a throttle 
valve where a certain amount of evaporation is produced just 
as if the same amount of heat had been supplied by steam in 
No. 1 effect. Calculations similar to those for the case (a) on 
pp. 246 to 248 show that, theoretically, the resulting evapora- 
tion per pound of boiler steam is the same whether the ‘‘lime 
catcher ” is in operation or not. Practically, of course, the 
use of the lime catcher prevents an excessive deposit of scale 
in the evaporator tubes and incidentally increases slightly the 
evaporative capacity of the plant, since it is virtually an 
extension of the heating surface in No. 1 effect. 

Case (d) — Calculations show that theoretically the total 
evaporation per pound of boiler steam would be the same as 
for case (b), but the use of the hme catcher would probably 
cause a slight increase in the evaporative capacity of the plant, 
and of course would reduce the deposit on the evaporator tubes. 

The reason for the increased evaporation per pound of 
boiler steam by the use of heater tubes at each effect for the 
heating of the brine is evident when it is considered that the 
heat given to the brine in any effect from 2 to 6 has already 
produced a certain amount of evaporation in the preceding 
effects. Therefore this system of heater tubes results in 
marked economy when evaporating sea water over any 
method wherein the brine is heated up to its highest tempera- 
ture solely by the condensation of boiler steam. 

Although it is the common practice to. return the water of 
condensation from the 1st effect as hot feed to the boiler, it 
could be sent to the steam side of No. 2 effect and allowed to 
pass through each effect in series without appreciable loss of 
efficiency. In this latter case, however, an equal amount 
of cold water of evaporation would have to be supplied to the 
boiler which would probably carry a certain amount of air in 
solution, and this air would eventually have to be vented from 
the various effects, 
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Similar calculations may be made with an allowance for 
heat losses at each separate effect. It would bo found that it 
is more important to prevent external losses of heat at the 
high temperature end of the evaporator than at the low 
temperature end. The reason for this is that losses of heat at 
No. 1 effect, for example, represent a corresponding loss of 
evaporation at the whole of the succeeding effects, whereas 
loss at No. 6 effect, say, has already given its quota of evapora- 
tion at the preceding effects. 

Experimental Data from Evaporators. — ^The resistance 
offered to the flow of heat from the heating steam to the boil- 
ing liquid is due to (1) The resistance between the steam and 
the metal surface, (2) The resistance of the metal of the tubes, 
and (3) The resistance between the metal and the boiling 
liquid. 

As in surface condensers the resistance between the heating 
steam and the tube depends upon — 

(a) The temperature, velocity, and the manner of distribu- 
tion of the heating steam among the tubes. 

(b) The presence of incondensable gases (air) in the steam 
and the arrangements made for its withdrawal, and water 
of condensation on the tubes. 

(e) The cleanliness of the tubes (steam side). 

The resistance of the metal depends upon its conductivity 
and thickness. 

The resistance between the tubes and the liquid depends 
upon — 

(d) Velocity of circulation of the liquid. 

(e) Character, viscosity, and density of the liquid. 

(f) Cleanliness of the tubes (liquid side). 

It is obvious that the amount of heat transmitted through 
unit surface in unit time is inversely proportional to the total 
resistance and practically proportional to the difference of 
temperature, all other things equal. The difference of tempera- 
ture between the heating steam and the boiling liquid depends 
upon — 

(g) Pressure of the heating steam. 

(h) Pressure of the vapour formed. 
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(i) Partial pressure of the air in the heating steam. 

(j) Hydrostatic head of the boiling liquid. 

(k) Character and density of the boiling liquid. 

The hydrostatic head or depth of submergence necessarily 
raises the boiling temperature of the liquid above that of the 
vapour over the liquid , and therefore the difference of tempera- 
ture between the heating steam and the boiling liquid is less 
than between the steam and the vapour, causing a propor- 
tionate reduction in the amount of heat transmitted. This 
influence is greatest at the lowest boiling temperature (i.e. the 
last effect), as is shown by the values on p. 274. The presence 
of solids in solution in water also raises the boiling temperature 
for any given vapour pressure over the liquid, and the more 
concentrated the solution becomes the greater is the influence 
on the boiling temperature. These two causes together partly 
account for the greater difference of temperature required 
between the heating steam and the vapour formed as the con- 
centration proceeds and as the pressure falls from body to 
body in multiple evaporators. 

It is seen then that the problem of heat transmission in 
multiple evaporators is very complex, in fact it is practically 
impossible to ascertain the exact influence of all the separate 
factors affecting the transmission of heat. So far as the 
conditions on the steam side of the tubes are concerned, how- 
ever, the problem is much the same as in ordinary surface 
condensers, but on the liquid side of the tubes the conditions 
are much more complicated in multiple evaporators than in 
ordinary surface condensers. For example, the rate of circula- 
tion of the liquid is practically indeterminate, being influenced 
not only by the arrangement of the apparatus and the rate of 
evaporation, but also by the increasing viscosity of the liquid 
as concentration proceeds and as the temperature falls from 
body to body. Also the surface of the tubes is commonly 
subject to a progressive fouling as time goes on until cleaning 
becomes necessary. 

With the experimental results available it is only possible, 
then, to discuss in detail some of the various factors mentioned 
on p. 251. Considering first the influence of the conductivity 
and thickness of the metal tubes, it is instructive to compare 
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the relative merits of copper, brass, and mild steel tubes so far 
as the transmission of heat is affected. An example will 
illustrate the method of comparison : — 

Heat transmitted per sq. ft. per second=2*4 B.Th.U. 

Copper tubes *065 in. thick, conductivity *06, say.] ft. lb. 
Brass tubes *065 ,, ,, ,, *018 ,, sec. 

Mild steel tubes *12 ,, ,, ,, *007 ) units. 


Temperature difference between heating steam and vapour 
when using brass tubes 20° P. 

If 61 — 62 is the fall of temperature through the metal, 

Then, for copper tube, — P. 

' 12X-06 


„ brass 


^2— 


2*4 X *065 
12~ < -Ol^^ 


•72° P. 


,, steel 



2-4X-12 
12 X *007 


^3*4° F. 


Taking it that the resistances between the steam and the 
metal and between the metal and the liquid are the same for 
all these metals, then, 

/Fall of tempera-x /Fall of tompera-s 
j ture (steam | — I ture through I =20 — •72 = 19*28° P. 

V to vapour) / ^ metal / 

Thus, Fall of temperature from steam to vapour 
= 19*28 + *22= 19*5° F. for copper tube. 

= 19*28 + *72= 20° F. for brass tube. 

= 19*28 + 3*4=22*7° F. for steel tube. 

Or, to state the results in another way, with the available fall 
of temperature from steam to vapour 20° F. in all cases, and 
with the heat transmitted by unit surface of the brass tubes 
represented by unity, 

20 .22 

Then, Heat transmitted=^ — ^=l*025for copper tube. 

— for brass tube. 

20- *72 

for mild steel tube. 

20 -*72 
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Influence of Circulation of Boiling Liquid on the Rate of 
Heat Transmission between the Metal Surface and the Liquid. 

— Austin’s experiments discussed previously showed definitely 
that violent stirring of the boiling liquid had an appreciable 
influence in reducing the difference of temperature between 
the surface and the liquid for any given transmission of heat. 
The writer has reproduced the results shown in Pigs. 100, 101, 
and 98 of Heat Transmission by Radiation, Conduction^ 
and Convection in a modified form. In Fig. 108 the 
calculated rate of heat transmission between a metal sur- 


face and water has been plotted on a base of difference of 
- temperature for Austin’s 

S \%Awater boifmgaVd st/rredau^^^ ^ experiments, and the num- 

^ bers marked against the 

I AE I 1 50^0 1’ lines refer to the heat 

X ^ ** _ transmission in B.Th.U. 

S * square foot per second, 

h ^ Comparing the curves A 

^ 2 - g 

3 water boiling at 100° C. in 

a ol j 1 5 ^ — contact with an iron surface 

TEMP. OIFF. (WALL . WATER) V AH. gtirriug of thO WatCF 

Fio. 108.--Kate of hoat trans- increased the rate of heat 

mission, from Austin s experi- 
ments. transmission to a consider- 

able extent, and particu- 
larly so with small differences of temperature ; but whilst 
for curve A the rate of heat transmission was practically 
independent of the temperature difference, with curve B, 
where the water was not stirred, the rate of heat transmission 
increased fairly rapidly with increases in the difference of 
temperature, that is with the rate of evaporation. The curves 
C, D, and E, illustrate the character of the results obtained 
with water at 20° C., 30° C. and 50° C. when stirred rapidly, 
but not boiling, in all these cases showing an improvement 
over water boiling at 100° C. (212° F.) when not stirred. The 
relations between curves C, D, E, and A, show to some extent 
the influence of the temperature of the water on the rate of 
heat transmission. 


TEMP. OIFF. (WALL • WATER) 'FAH. 

Fig. 108. — Rate of hoat trans- 
mission, from Austin’s experi- 
ments. 


The results shown plotted in Fig. 109 were derived from 
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Fig. 98, p. 212, of Heat Transmission hy Radiation, Conduction, 
and Convection, with reference to Bryant’s experiments on the 
temperature of a metal surface in contact with boiHng water. 
It is doubtful, however, whether the upper portion of this 
curve B in Pig. 109 truly represents the influence of the 
circulation of the water at the high rates of evaporation 
obtained. 

Experiments of a General Nature. — Some experiments have 
been made by C. Lang* on one type of Weir single-effect 
evaporator as used on board 
ship at the date of the ex- 
periments. The evaporator, ^ 
though not now of modern con- S 
struction, was of the ordinary ^ 
type stated to make ten tons ^ 
of fresh water per day of s 
twenty-four hours. The shell 2 
consisted of a steel cylindrical ^ 
vessel 3 ft. diameter and | 

4 ft. 3 in. long. The heating d 
surface was composed of twelve « 
solid-drawn copper tubes, Ijin. 
external diameter, No. 10 
B.W.G., giving a total heating 

surface of 38 sq. ft. These Fio.l00.--Rates of heat transmission, 
^ from Bryant s experiments. 

were U-shaped and fixed at 

both ends in the tube plate so that the tubes were horizontal. 
The steam condensed in the tubes and the brine was in contact 
with the outside surface. 

The outlet ends of all the tubes except the lowest ones were 
contracted by screwing a brass plug into each of them having 
a small hole through it. The object of this was to increase the 
resistance to the flow of the steam through the tubes so as to 
make certain that none of the tubes would remain filled with 
stagnant air, and thus it ensured a definite flow through all the 



tubes. Steam was led to the evaporator from a boiler and a 


separator was placed between them to ensure practically dry 
steam. Salt water, having a density of 19 oz. of salt to the 


* Trans. Engs, and Shipbds. in Scotland, Vol, XXXII. 
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gallon, was used in the evaporator. The steam evaporated 
from the salt water could be led either to a condenser or blown 



200 240 2Q0 320 300 


8TEAM TEMPCRATURe IN SHCLt “FAM 

Fia. 110. — Relations between tempera 
tures of heating steam and vapour 
and the heat transmitted, from Lang’ 
evaporator experiments. 


direct to the atmosphere. 
When the condenser was 
being used the water of con- 
densation was tested from 
time to time to see that no 
salt water was carried over 
by the steam, the silver 
nitrate test being used for 
this purpose. The discharge 
of water of condensation 
from the evaporator was 
weighed and the heat trans- 
, mission was calculated from 
this weight and the known 
amount of heat given up 


by each pound of steam. Presumably the evaporator was 


working with the tubes comparatively free from scale deposit. 


The results obtained are shown 


graphically in Figs. 110 to 112. 
In Fig. 110 the heat-flow in 
B.Th.U. per sq. ft, of tube sur- 
face per second is plotted on the 
base of vapour temperature in 
the shell for the various tempera- 
tures of the heating steam indi- 
cated on the curves. The points 
marked h are at the same 
temperatures as the heating 
steam, and it is presumed that 
under these conditions of vapour 
temperature the flow of heat 
would be zero. The points on 
the zero line marked a were 
derived from the dotted curve 
AB in Fig. 111. In this figure 



Fig. 111. — Relations between tem- 
peratures of heating steam, vapour, 
and the water of condensation, 
from Lang’s evaporator experi- 
ments. 


the temperature of the water of condensation from the tubes 


for the various steam temperatures are plotted on the base of 
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vapour temperatures. The dotted line AB is drawn through 
the points on the full line curves which coincide with the 
heating steam temperatures, and the corresponding vapour 
temperatures have been transferred to the points a in Pig. 110. 
The calculated difference between the steam and the vapour 
temperatures at these limiting conditions have been plotted in 
Pig. Ill as the line CD, and it will be noticed that, whilst the 
difference appears to be practically constant up to about the 
vapour temperature of 300° P., above this the difference 
increases very rapidly. 

The curves in Pig. 110 have been continued to the points 
a and h on the zero line. It is seen that in no case does the 



Fig. 112. — Rates of heat transmission, from 
Lang’s evaporator experiments. 


point h appear to lie on the natural direction of the curve, but 
for the lowest four or five curves it would seem that the points 
a do so, whilst for the highest two or three curves neither a 
nor h seem to be natural points on the curves. It may be 
presumed that the differences of temperature between the 
respective points a and b in Pig. 110, shown also by the curve 
CD in Fig. Ill, are partly due to the differences between the 
boiling temperature of salt water and the saturation tempera- 
ture over the water, and to the small elevation of temperature 
due to hydrostatic head. 

The rate of heat transmission based upon the difference of 
temperature between the heating steam and the vapour is 
shown plotted in Fig. 112. It is seen that a gradual rise of 
this rate occurs up to maximum values as the temperature 

S— H.T. B.C.E. 
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difference increases, and this rise is no doubt largely due to the 
increased circulation of the salt water and to the increase in 
the flow of steam through the tubes as the evaporation 
increases. The attainment of maximum values is possibly due 
to the difficulty of keeping the tubes always wet at high rates 
of evaporation. Incidentally it may be mentioned that the 
limiting volume of vapour formed quite free from particles of 
salt water was practically the same at aU vapour pressures 
within the range of the experiments. It follows that the 
corresponding weights of evaporation would be proportional 
to the vapour density. 

The following particulars of experiments on a small vacuum 
pan have been kindly supplied to the author by T. H. P. Heriot, 
F.C.S., lecturer in sugar manufacture at The Royal Technical 
College, Glasgow. These experiments were made by Mr. Heriot, 
assisted by some of his students, in the Technical Chemistry 
department of the above-mentioned college. The vacuum pan 
has two copper coils made into conical spirals, one situated 
above the other. The length of the coils were obtained by a 
tape measure and the mean internal diameter estimated from 
the water capacity, giving the following coil dimensions : — 



Length. 

Esti- 

mated 

internal 

diameter 

inches. 

Outside 

dia., 

inches. 

Heating surface 
inside coil, 
sq. ft. 

Capacity of 
pan up to 
top coil. 

Top coil . 

10 ft. 2 in. 

M82 

1-31 

3-4861 

V6-93 total 

3-2 cub. ft., or, 
•462 cub. ft. 
per sq.ft. H.S. 

Bottom coil 

9 ft. 9 in. 

1-229 

1-35 

3-446) 


The steam used was measured by weighing the water of 
condensation leaving the coils after discharging through a trap. 
The steam was taken to be dry saturated at the inlet to the 
coils, there being a separator on the covered steam pipe a few 
feet from the pan. The steam leaving the pan was also taken 
to be dry-saturated and was condensed in a surface condenser ; 
the evaporation was measured by weighing the discharge from 
the air-pump. The temperatures were measured by mercury 
thermometers inserted into pockets. The results obtained 
from the experiments are given in Table 27. 
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Reference to column 14 shows that the external loss of heat 
is quite consistent, except for Test 1, and this indicates that 
the experiments were carefully carried out. The values in 
column 18 were obtained by dividing the heat required for 
evaporation and heating of the feed (column 13) by the heating 
surface and by the values in column 9. Referring first to the 
tests 3 to 7, where the lower coil only was in action and 
evaporating water, it would be seen that the hot feed in Test 4 
caused a decided increase in the rate of evaporation (column 17) 
and in the rate of heat transmission (column 18). This would 
be due partly to the influence of the hotter outlet temperature 
of the water of condensation from the coil and partly to the 
improved rate of circulation of the water. The higher steam 
temperatures in Tests 6 and 7 also increased the rate of evapor- 
ation and the rate of heat transmission, probably due to the 
higher rate of circulation of the liquid. Comparing Tests 4, 6, 
and 7 with Test 8 shows how the syrup causes a decided lower- 
ing of the values in columns 17 and 18, as is also shown by 
Tests 1 and 2. This was probably mostly due to the lower rate 
of circulation when syrup was being treated. The rates of 
heat transmission are also shown plotted in Fig. 136, p. 289, 
on a density of solution base, with the difference of tempera- 
ture between the heating steam and the boiling liquid given 
opposite each point. 

Some evaporation experiments have been made by H. 
Claassen.* The apparatus consisted of an enclosed iron 
cylinder, 480 mm. (18-9 in.) diameter and 1150 mm. (45-3 in.) 
high, containing the liquid to be evaporated. A copper heating 
coil, 45 mm. (1*77 in.) outside diameter and *5 sq. metre 
(5*38 sq. ft.) heating surface, was placed as near as possible to 
the bottom of the cylinder. This apparatus stood on a weigh- 
ing machine so that the weight could be ascertained at any 
time, flexible connections being used for, the steam supply to 
the coil and also for the connection of the vessel to the con- 
denser and air-pump. Temperatures were obtained with 
mercury thermometers and pressures by mercury columns. 

The more important results are shown graphically in 

♦ “Die Warmeubertragung bei der Verdampfung von Wasser und von 
wassrigen LCsungen,” ZeiU d. Fer. Deut Ing., p. 418, Vol. XLVI, 1002. 



Heating steam temps. 
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240 , — 213 124-5 129-6 110-4 -0567 55-6 -0502 



TABLE 27 — continued 
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in. above top coil and kept level by feeding water. 
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Figs. 113 to 118. When evaporating water at 100° C. the rate 
of heat transmission, expressed in B.Th.U. per sq. ft. per sec. 
per degree Fahr. difference of temperature between the heating 

steam and the vapour increased 
as shown in Fig. 113 with an 
increase in the temperature 
difference. No doubt this was 
mostly due to the increased rate 
of circulation of the boiling 
water with the increased heat 
transmission or evaporation, 
but probably to some extent it 
was also due to the increased 
flow of steam through the coil 
and the higher discharge tem- 
perature of the water of condensation. 

Further series of experiments were then made with water at 
various evaporation temperatures varying from 100° C. to 
60° C., altering the difference of temperature at each evapora- 
tion temperature by altering that of the heating steam. The 






















■ 0 6 10 18 20 25 “C 

TEMPERATURE DIFFERENCE 
0 0 18 27 36 46 

Fia. 113. — Rate"of hoat transmission 
when evaporating water, from 
Claassen’ s evaporator experiments. 



• 10 27 36 45 64 63 72 81 90 99 ®F 


Fig. 114. — Ratos of heat transmission when evaporating 
water, from Claassen’ s evaporator experiments. 


results obtained are shown in Fig. 114, and it is seen that for 
any given temperature difference between the heating steam 
and the vapour the rate of heat transmission decreases with 
the evaporation temperature. At any constant evaporation 
temperature the nature of the results obtained is similar to that 
shown in Fig. 113, 
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Another series of tests was made when evaporating water 
with the heating steam kept constant at a series of values 
varying from 125° C. to 100° C., changes of the difference of 
temperature being obtained by altering the pressure and 
temperature of evaporation in each of the series. These 



0 9 18 27 36 45 54 63 72 8» 90 90 °F 


Fig, 115. — Ratos of heat transmission when evaporating 
water, from Claassen’s evaporator experiments. 


results are shown in Fig. 115, and again show the general 
increase in the rate of heat transmission with an increase of 
the temperature difference. Also for any given temperature 
difference the lower the temperature of the heating steam the 
lower does the rate of heat transmission become. 



Fig. 116. — Rate of heat transmission and boiling tem- 
perature at different densities of solution of sugar, 
from Claassen’s experiments. 


Some further experiments were made with solutions of sugar, 
molasses, and common salt at various densities. In these the 
evaporation took place at practically atmospheric pressure, 
the boiling temperature of the solution, of course, increasing 
with thQ density. The steam temperature was arranged so as 
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to keep practically a constant difference ot temperature 
between the steam and the solution. Fig. 116 refers to the 
tests with sugar solution with a difference between the heating 
steam and the solution of about 6*3° C. Under these conditions 



Fig. 117. — Rate of heat transmission and boiling 
temperature at different densities of solution of 
molasses, from Claassen’s evaporator experiments. 


it is seen that the rate of heat transmission, in B.Th.U. per 
sq. ft. per sec. per degree Fahr. difference between heating 
steam and solution, decreases as the density increases, probably 
because of the decreased rate of circulation of the boiling 
solution with the increasing density and viscosity. The boiling 
temperature of the solution is also shown plotted on the 
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Fig. 118. — Rate of heat transmission and boiling 
temperature of solution of common salt, from 
Claassen’s evaporator experiments. 


density base in Fig. 116. Fig. 117 shows that the solution of 
molasses gave much the same results as the sugar solution. 
With the solution of common salt two sets of tests were made, 
one with a difference of temperature between the heating 
steam and the solution of about 6*6° C.,the other at about 10° C. 
It is seen from Fig. 118 that in these tests the rate of heat 
transmission remained practically constant as the salt solution 
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increased in density, probably because the small increase in 
the viscosity of the salt solution had little or no influence on 
the rate of circulation. 

According to the values given in the paper, taking the 
viscosity of water as unity, that of the sugar solution at the 
density 68® Brix. was 1-54,* of the molasses solution at 69*4® 
Brix. 1-55, and of the salt solution having 26% NaCl. 1*15. 

A few experiments were made on the influence of the 
hydrostatic head of the boiling water on the rate of heat trans- 
mission. With an increase of head the rate of heat trans- 
mission, calculated on the difference of temperature between 
the heating steam and the vapour, was found to decrease 
slightly in accordance with the small rise of the boiling 
temperature with increase of head. 

Some experiments were also made by Claassen on a three- 
effect evaporator when concentrating sugar juice. Each 
effect had vertical brass tubes 1370 mm. (54 in.) length, 
45 mm. (1-77 in.) diameter and 2 mm. (-079 in.) thick. In the 
middle of each tube system was a downcomer circulating tube 
of 400 mm. (15*75 in.) diameter. The heating steam was 
supplied to the outside of these tubes. The total heating 
surfaces were : In 1st effect 214 sq. m. (2300 sq. ft.) ; in the 
2nd 236 sq. m. (2540 sq, ft.), and in the 3rd 148 sq. m. (1590 
sq. ft.). The connecting steam pipes between each effect were 
so large that there was practically no drop of pressure through 
the pipes. 

Some of the results obtained are given in detail in 
Tables 28, 29, and 30. Table 28 refers to tests made with 
the head of liquid there specified. It will be seen that in 
nearly all cases the increased head caused a reduction in the 
rate of heat transmission. Also, as is usual in multiple 
evaporators, the rate was greatest in the 1st effect and least 
in the 3rd. This is probably mostly due to the lower rate of 
circulation of the boiling liquid as its density and viscosity 
increase. That this was the most likely cause is seen from the 
results of tests on the 3rd effect with different densities, as 
shown by Table 30. After the surfaces had been cleaned 

* This value of the viscosity would appear to be much less than is repre- 
sented by Table 41, p. 29o, 
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some tests were made with the three-effect evaporator over a 
week’s working, with the results shown in Table 29. 

The rates of heat transmission, in B.Th.U. per sq. ft. per 
sec. per degree Fahr. difference between the heating steam 

TABLE 

EXPERIMENTS ON THE INFLUENCE 

Effect I. High = 1 to 1*2 metres. 
Effect n. „ = 1 to 1*2 metres. 

Effect III. „ =0*8 metre. 


Test niuuber 

I 

Height of Juice 

Low 

High 



Brix. -contents in Hot Juice -[11 

VIII 

9 

25 

60 

8 

17 

.59 

(Heating steam in I °C. 

Temperature of Steam Connecting lupe C.^ . . 

( ’’ ” from III °C. ! ! 

108-0 

102-0 

94-8 

67-9 

110-1 

103-7 

95-5 

65-7 

fl^C 

Temperature of Boiling Juice, in-[ll °C. 

VIII 

102-5 

95-8 

71-9 

104-2 

96-3 

69-6 

I 00 

Temperature difference (Heating Steam inlet o’p 

-Hot Juice) ■< \lII°C.' ; 

5- 5 

6- 2 
22-9 

5-9 

7-4 

25-9 

Rate of Heat Transmission, B.Th.U., sq. ft., second, \ I 
degree Fahr. difference between Steam and VII 
Boiling Liquid. J III 

-175 

•125 

•0553 

•148 

•0965 

•0445 

T 

Temperature difference (Heating Steam inlet 1 . rtT 
-Vapour) 

6-0 

7-2 

26-9 

6-4 

8-2 

29-8 

Rate of Heat Transmission, B.Th.U., sq. ft., second, \ I 
degree Fahr. difference between Heating Steam III 
and Vapour. J HI 

•160 

•108 

•0471 

•136 

•0871 

•0387 


and the vapour, have been plotted in Fig. 135, p. 288, on the 
base of the temperature of the heating steam, from the 
values in Tables 28 and 29. In Fig. 136 there is also shown on 
the base of the density of the liquid the rg^te of hea,t tr^tfts- 
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mission for the same experiments, though the plotted points 
have been omitted. In this figure is also plotted the results 
obtained with different liquid densities in the 3rd effect, 
taken from Table 30. 


OF HEIGHT OF FLUID 

Low =*0*3 to 0*4 metre. 
„ =0*4 metre. 

„ =0*2 to 0*3 metre. 


II 

III 

IV 

V 

VI 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

7 

6 

10 

10 

9 

6 

8 

9 

11 

10 

21 

15 

27 

16 

24 

16 

24 

18 

22 

14 

59 

60 

66 

45 

60 

55 

68 

63 

62 

56 

109-9 

110-1 

108-8 

108-9 

109-3 

109-6 

109-4 

109-6 

111-6 

111-7 

103-7 

102-6 

102-2 

101-6 

101-8 

101-9 

102-7 

101-3 

103-7 

102-9 

95-1 

92-6 

93-6 

91-6 

93-8 

92-8 

94-3 

92-0 

94-6 

92-9 

69-1 

66-0 

66-2 

66-7 

66-0 

64 ‘6 

66-2 

64-5 

66-9 

66-5 

104-2 

103-1 

102-7 

102-1 

102-3 

102-4 

103-2 

101-8 

104-2 

103-4 

96-1 

93-4 

94-6 

92-4 

94-8 

93-6 

96-3 

92-8 

95-6 

93-6 

73-1 

68-7 

69-4 

68-9 

70-0 

67-7 

69-9 

67-6 

71-3 

69-8 

5-7 

7-0 

6-1 

6-8 

7-0 

71 

6-2 

7-7 

7-4 

8-3 

7-6 

9-2 

7-6 

9-2 

7 0 

8-3 

7-4 

8-5 

8-1 

9-3 

22-0 

23-9 

24-2 

22-7 

23-8 

25-1 

24-4 

24-5 

23*3 

23-1 

-177 

•122 

-161 

•124 

•158 

•14 

•169 

•137 

•161 

•134 

-108 

•0741 

-105 

•073 

•1306 

•0975 

•117 

•1026 

•121 

•098 

•0621 

•0473 

•053 

•049 

•0627 

•0536 

•0587 

•0682 

•0667 

•0686 

6-2 

7-6 

6-6 

7-3 

7-5 

7-6 

6-7 

8-2 

7-9 

8-8 

, 8-6 

10-0 

8-6 

10-0 

8-0 

9-1 

8-4 

9-3 

91 

10-0 

26-0 

26-6 

27-4 

24-9 

27-8 

28-3 

28-1 

27-6 

27^7 

26-4 

•163 

•114 

•149 

•116 

•147 

•131 

•156 

•129 

•161 

•126 

•0952 

•0683 

•0927 

•0671 

•114 

•089 

•103 

•0937 

•108 

•0911 

•0625 

•0426 

•0469 

•0446 

•0637 

'0476 

•061 

•0519 

•0561 

•060 


An elaborate series of tests on an experimental vacuum 
evaporator plant of the calandria type have been made by 
E. W. Kerr* in the mechanical engineering laboratory of 

* “Tests upon the Transmission of Heat in Vacuum Evaporators,” Tran^, 
Amer, Soc, Mech, Engs,, Vol. 35, 1913, p. 731, 
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Louisiana State University. The general arrangement of the 
plant and the testing arrangements are shown in Fig. 119. It 
will be noted that the body of the evaporator was supported 
above the calandria so that the calandria could be removed at 


TABLE 

EXPERIMENTS OVER A WEEK’S 




Monday. 

fl 

Brix. -contents of Hot Juice -[ II 

llll 

9 

25 

60 

Temperature of Steam. ■ 

Heating Steam in I °C. . 
Connecting pipe I to II °C 
„ „ II to III 

,, ,, from III 

U. ’ 

C. 

108-0 

102-0 

94-8 

67-9 

fi 

Temperature of Boiling Juice, ini II °C. . . . . 

UII 

102-5 

95-8 

71-9 

Temperature difference (Heating Steam inlet — 
Juice). 

rI°C. . 

' II °C. . 
VIII 

5- 5 

6- 2 

22-9 

Rate of Heat Transmission, B.Th.U. sec., sq. ft.,j 
degree Falir. difference (Steam — Juice). 1 

ilix : 

175 

-125 

-0553 

Temperature difference (Heating Steam inlet — J 
Vapour). ] 

rl^a . 
II °c. . 

llll °c. 

6-0 

7-2 

26-9 

Rate of Heat Transmission, B.Th.U., sq. ft., second, rl . 
degree Fahr. difference between Heating Steam I II 
and Vapour. vIH 

-160 

-108 

-0471 


the flange A and another one bolted on. Thermometers were 
placed as shown in this figure to measure the temperatures in 
the steam pipe, in the vapour space, in the bottom of the steam 
compartment, in the top of the steam compartment, the 
entering juice or water, the water of condensation, and that in 
the room. These thermometers were placed somewhat 
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differently in the different modifications of calandria which 
were used. Vacuum and pressure gauges were connected to 
the positions shown by Fig. 119. A majority of the tests were 
made with water as the liquid to be boiled, the remainder 


CONTINUOUS OPERATION 


Week XIII. 

Week XIV. 

Tuesday. 

Thursday. 

Friday. 

Saturday. 

Sunday. 

7 

7 

8 

7 

9 

22 

21 

21 

25 

22 

57 

59 

58 

53 

62 

108-7 

109-9 

109-7 

110-6 

112-3 

102-3 

103-7 

104-2 

104-6 

105-9 

94-6 

95-1 

95-1 

95-7 

97-3 

67-3 

69*1 

66-7 

67-0 

68-7 

102-8 

104-2 

104-7 

105-1 

106-4 

95-6 

96-1 

96-1 

96-7 

98-3 

70-8 

73-1 

70-2 

70-0 

73'2 

5-9 

5-7 

5-0 

5-6 

5-9 

6’7 

7-6 

1 8-1 

7-9 

7-6 

23-8 

22-0 

! 24-9 

25-7 

24-1 

-181 

•177 

•203 

•178 

•209 

•128 

•108 

•1025 

•0998 

•145 

•0593 

•0621 

•053 

1 

•0513 

•0719 

6-4 

6-2 

1 

1 5-5 

6-0 

6-4 

7-7 

8-6 

9-1 

8-9 

8-6 

27-3 

26-0 

28-4 

28-7 

28-6 

•167 

•163 

•185 

•163 

•193 

•111 

•0955 

•0913 

•0887 

•128 

•0517 

•0526 

•0465 

•046 

I -0605 


being made with sugar solutions produced by mixing white 
sugar with water in such proportions as would give the desired 
densities. Liquor made in this manner was clean and pure 
and gave practically no fouling of the heating tubes. All tests 
were made with practically clean tubes. 

In commercial evaporators it is customary to remove the 
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21-6 

•064 
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•0492 

III 

61 

95-8 

680 
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23-6 
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concentrated liquor from the last body by means of a pump. 
In this experimental plant, however, a slightly different 
arrangement was adopted. In starting a test, sugar juice of 
the desired density and quantity was placed in the evaporator 



Fig. 119. — General arrangement of testing plant in Kerr’s 
evaporator experiments. 


and as the evaporation progressed water was supplied in such 
quantities as would keep a constant level in the juice compart- 
ment as indicated by the gauge glass. After being weighed in 
calibrated vessels the water was fed by gravity aided by the 
vacuum in the boiling vessel, a valve in the feed pipe being 
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used to regulate it. That part of the evaporator above the top 
tube plate, flange A in Fig. 119, which may be called the 
vapour space, was 10 feet high in all the calandrias tested 
except one in which it was about 8 feet. This liberal height 
was provided to prevent, as far as possible, the carrying over 
of liquid in the vapour. A separator was also provided in the 
vapour discharge pipe. 

The steam used in the evaporator was taken from a boiler 
at about 80 lb. per sq. in. gauge and throttled by a valve down 
to the desired pressure. This produced a certain amount of 
superheat, and in order to get steam of varying quality 
provision was made for spraying water into the steam between 



Fig. 120. — Calandria A and B used in Kerr’s evaporator experiments. 


the throttling valve and the calandria. In starting a test the 
wet vacuum pump was first started and a charge of juice 
drawn in. The pump for the water of condensation was then 
started and steam turned on to warm the apparatus. After the 
desired conditions were obtained the apparatus was operated 
for some time before the test was started. The duration 
of the tests varied from twenty to sixty minutes, depending 
upon the conditions, and each test started at a particular 
juice level in the gauge glass and ended at the same level. If 
the boiling was not very rapid and violent the level in the 
gauge glass could be read with sufiicient accuracy to enable 
short tests to be run, but when there was more rapid evapora- 
tion a longer duration became necessary. Readings of the 
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instruments were taken every five minutes throughout each 
test. 

The arrangement and dimensions of the various calandrias 
used are shown in the sectional views Figs. 120 to 123. In 
Fig. 120 (calandria A) the boiling liquid was inside the 
tubes and the heating steam outside. 

Calandria B was like A, except that 
there was a 6-in. circulating or 
downtake tube at the centre. Fig. 

121 (calandria C) shows a calandria 
with tubes 2 in. diameter and 48 in. 
long, without any special downtake 
tube. Fig. 122 (calandria E) shows 
a calandria similar to Fig. 120, B, 
with tubes If in. diameter and 24 in. 
long. It differs, however, in the 
manner of distributing the steam to 
the heating tubes, and in the manner Fig. 12 1. — Calandria c, nsed 
of removing the air, the steam being 
supplied through four openings, one 

above another, to give better distribution vertically. Between 
the two tube plates a baffle plate was placed as shown in the 




Fig. 122. — ^Calandria E, used in Kerr’s evaporator experiments. 

figure, so as to guide the steam along a circuitous path towards 
the 3-in. downtake at the centre. The air was drawn off by 
means of a small perforated pipe through the top tube plate 
and reaching nearly to the bottom tube plate. The object of 
this design was to obtain a high steam velocity among the 


T— H.T. B.O.E* 
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tubes and the effective withdrawal of the air at a definite 
position in the vessel. The evaporator shown in Fig. 123 
(calandria D) is of the steam tube type with special arrange- 
ments for removing the air. There are two thick tube plates, 
one above the other, both of cast iron. The heating tubes, 
2 in. diameter and 54 in. long, were expanded into the upper 
tube plate, being closed at the top end. The heating steam 
passed up these tubes to the top and the air was removed by 
the ^ in. diameter tubes screwed into the lower tube plate and 

reaching to near the top of the 
heating tubes. The boiling hquid 
was outside the 2 in. heating tubes. 

The hydrostatic head of the juice, 
that is, the depth of submergence of 
the heating surface, is of importance 
in multiple evaporators. It is evi- 
dent that the boiling pressure in the 
liquid and the corresponding satura- 
tion temperature would be higher 
than the vapour pressure and satu- 
ration temperature above the liquid. 
For example, suppose the saturation 
temperatures of the heating steam 
and of the vapour formed are 228° F. 
Fig. l23.~Calandria D, used 202° F. respectively, giving a 

merits. temperature difference of 26° F. If 

the level of the juice were, say, 4 feet 
above the lower tube plate, then the total boiling pressure at 
the lower tube plate would be greater than the vapour pressure 
over the liquid by about 4 feet of water ; and the corresponding 
saturation temperature would be, say, 208*5° F., giving a 
temperature difference of only 228— 208*5= 19*5° F. at the 
bottom tube plate, thus making the average difference of 

264 - 19*5 

temperature about — =23° F., 

2 



say. A similar calcula- 


tion will show that the lower the boiling pressure the greater 
is the loss in temperature difference with a given depth of 
submergence, which therefore means that this influence would 
be greatest in the last body of a multiple evaporator. 
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Tests were made on calandrias A, C, D and E with various 
degrees of submergence, under practically the same conditions 
of steam and vapour pressures. Water was used for boiling 
in all the tests. The average conditions are given in Table 31 . 


TABLE 31. 


Type of 
calandria. 

No. of tests 
in series. 

Average values of 
absolute 

pressures, inches 
mercury. 

Average values of 
temperatures, "F. 

Water evaporated 
per sq. ft. of 
heating surface, 
lbs. per hour. 

Height of boiling 
liquid above lower 
tube plate, 
inches. 

Estimated 
average 
difference of 
temperature 

ojp 

Vapour. 

Heating 

steam. 

Vapour. 

Heating 

steam. 

Entering 

water. 

Max. 

Min. 

[ 

Max. 

Min. 

Fig. 120, A 

11 

26-8 

33‘66 

206-6 

218-2 

82 

8-14 

1-32 

24 

3 

11-2 

Fig. 121, C 

9 

21-9 

29.92 

196-7 

211-2 

83 

12-70 

4-14 

54 

6 

14-5 

Fig. 123, D 

8 

21-6 

29-80 

196-4 

212 

70 

16-92 

11-80 

48 

6 

16-25 

Rg. 122, E 

9 

22*8 

34-20 

1 

198-7 

222-1 

1 

79 

.32-26 

! 

17-17 

24 

2 

19-8 


The rates of heat transmission obtained are shown plotted 
in Fig. 124 on the base of height of boiling liquid above the 
lower tube plate, as measured by the level in the gauge glass. 
At very low heads only the lower portions of the tubes were 
kept wet by the boiling water and therefore more or less of the 
heating surface was then ineffective, which accounts partly 
for the low rates of heat transmission based upon the total 
surface. This rate, however, in each case soon rises to a 
maximum as the head increases, these maxima probably 
coinciding with the conditions at which ebullition was sufficient 
to project the boiling water just a little over the top of the 
tubes. Further increase of head showed a decrease in the rate 
of heat transmission. It will also be observed from Fig. 124 
that after the maximum is reached the rate of decrease in the 
rate of heat transmission as the depth of submergence increases 
is about the same for calandrias A and E, which had tubes 
24 in. long. Similarly, the rate of decrease for calandrias C and 
D is about the same, the tube lengths being 48 and 54 in. 
respectively, but this rate of decrease is apparently less than 
for the calandrias A and E, showing that the influence of a 
definite small change of hydrostatic pressure is less for long 
.than for short tubes. 
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At first sight it might appear that the greater rate of heat 
transmission given by calandria E, compared with calandria A, 
is due to the special arrangements made for the removal of air 
and the distribution of the flow of steam in E. Although some 
improvement will no doubt be due to these circumstances, an 
inspection of Table 31, p. 275, shows that the difference of 



Fia. 124. — Variation of rate of heat transmission with height of 
water in calandria, from Kerr’s evaporator experiments. 


temperature during the tests was nearly twice as great in E 
as in A, with the result that the heat transmitted would he 
thereby increased and the rate of circulation of the boiling 
liquid correspondingly increased. This would naturally of 
itself tend to increase the rate of heat transmission. It follows, 
therefore, that with evaporators of this type, to estimate any 
influence on the side of the heating steam, a comparison should 
only be made when the steam temperatures and the heat trans- 
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mitted per square foot of surface were approximately the same, 
for then the rates of circulation of the boiling liquid would 
probably be somewhat similar. 

Comparing the results in Fig. 124 for the calandrias D and C, 
and referring to Table 31, p. 275, it will be seen that the 



Fia. 125. — Rates of heat transmission, from Kerr’s evaporator 
experiments. 

temperatures, temperature difference, and water evaporated 
per square foot per hour were not much different in these two 
cases. There is a difiEerence, however, in the type of evaporator, 
calandria D having the heating steam inside the tubes, whilst 
in C the heating steam was outside the tubes. The rate of 
circulation of the boiling liquid may consequently have been 
different in these two cases. 
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Another series of tests were conducted to ascertain the 
influence of the steam temperatures upon the rate of heat 
transmission when evaporating pure water. The extreme 
values quoted in Table 32 illustrate the conditions of opera- 
tion, and it is seen that while the temperature of the heating 
steam was varied, that of the boiling water and the vapour 
were allowed to alter at the same time. The rate of circulation 
of the boiling water would no doubt be altered by these various 
conditions of working and would influence the rate of heat 
transmission accordingly. However, the rate of heat trans- 
mission for each calandria tested has been plotted in Fig. 125 
on the base of heating steam temperatures, and these indicate 
a rapid decrease as the steam temperature decreased ; but the 
other conditions involved should be noted before any definite 
conclusion is drawn as to the influence of steam temperature. 
Thus, in Fig^ 125 the difference of temperature between the 
heating steam and the vapour over the boiling water is shown 
plotted and indicates quite considerable variations. It would 
seem, however, that notwithstanding the several variable 
factors introduced between the different tests, calandrias 
A and C, which had no special downcomers, were inferior to 
calandria B having a central downcomer, whilst the calandrias 
E and H, both of which had special arrangements on the steam 
side for distributing the steam-flow and for extracting the air, 
seem to be superior to all the others. 

For the purpose of studying the influence of air in the heat- 
ing steam a series of tests were made on calandria A, Fig. 120, 
p. 272. The amount of air present in the heating steam was 
regulated by varying the speed of the air-pump and by admit- 
ting air into the heating steam through a pet cock. The 
quantity of air present was determined by the temperature 
method, that is, by the actual observation of the temperatures 
in the steam compartment the corresponding partial steam 
pressure was obtained from steam tables, and this subtracted 
from the total pressure gave the partial pressure of the air in 
the steam space. The location of the thermometers is indicated 
in Fig. 119, p. 271. Table 33 shows the extreme conditions of 
operation. 



TABLE 32 
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B.Th.U. 
per sq. ft. 
per sec. 
per deg. Fah. 
difference. 

0 

to 

O 

-to 

to 

-1 

CO I-H 
(N 

00 ifj 

O UO 

CO ^ 

<N rH 
i-l 

-2861 
-146 j 

•370 

•205 

Water evaporated 
per sq. ft. heating 
surface, 
lbs. per hour. 

CO lO 

9-28 

12-6 

15-44 

9-75 

18-9 

9-5 

46-25 

15-45 

Average temperatures, °F. 

Entering 

water. 

<M 

00 00 

CO rH 

00 00 

82 

81-5 

76-1 

76-0 

78- 0 

79- 0 

Estimated 

temperature 

difference. 

21-27 

20-45 

9-2 

24-3 

21-0 

26-0 

20-0 

19-4 

382 

22-44 

Heating 
steam in 
calandria. 

222-5 

188-1 

222-0 

172-8 

222-5 

168-1 

218-5 

154-8 

2383 

1509 

Absolute pressures, 
inches, mercury. 

Heating 
steam in 
calandria. 

35-93 

19-14 

35-93 

14-02 

36-04 

12-48 

33-72 

8-38 

47-65 

7-6 

Vapour over 
boiling liquid. 

. 1 23-72 

\ 12 -11 

a 
00 o 

03 00 
<N 

o 

00 

QO O 

CO t> 
01 

O 

rH CO 

(N 

O 

CO 'T' 

O 

-4^ 

Water 

level 

above 

bottom 

tube 

plate, 

inches. 

12 

16 

24 

36 

12 

No. of 
tests in 
series. 

CO 


IC 


18 


Type ot 
calandria. 

<1 

PQ / 

jiit 

O 

Q 



S 

< 

W 

H 

Oi 

O 

M 

H 

W 

W 

CO M 

W A 

^ o 
w 

O 


B.Th.U. 
per sq. ft. 
per sec. 

I)er “F. 
difference. 

rH 

2| 


1-0 

•668 

Water 
evaporated 
per sq. ft. 
heating 
surface 
lbs. perhour. 

19-1 

4-61 

Steam tern- 
perature 
above or 
below 
saturation 
correspond- 
ing to total 
pressure. 

rH O 

6 CO 

+7 

. Estimated 
temperature 
difference, 
°F. 

34-8 

15-8 

1 Temperatures, °Fah. 


Entering 

water. 

o o 

00 00 

Heating 
steam in 
calandria. 

186-6 

168-3 

Vapour 

over 

boiling 

liquid. 

151- 8 

152- 0 

^ Absolute pressures, 
j inches mercury. 

Heating 
steam in 
calandria. 1 

SB 

»-H rH 

Vapour over 
boiling 
liquid. 

'£> 

? 9 

00 cb 

o 

-p 

Water ' 
level 
above 
bottom 
tube 

1 plate, 
inches. 

pH 

No. 

of 

tests. 

CO 

Type 

of 

calan- 

dria. 

< 



280 TRANSMISSION OF HEAT IN EVAPORATORS 


The rate of heat transmission is shown plotted in Fig. 126 
P 

on the base — and it will be observed how rapidly this rate 


decreases as ~ decreases, that is, as the partial air pressure in 

the heating steam space increases. On referring to Table 33 
it is seen that, while the total pressures were kept practically 
constant in this series, the partial pressure of the air reduced 
considerably the temperature of the heating steam. In the 



is given as unity, it is hardly 

likely that all air was ex- 
cluded ; the method of esti- 
mating the partial air pressure 
from measurement of the 
steam temperature is not very 
accurate when only a small 
amount of air is present. The 
decrease in the rate of heat 
transmission shown in Fig. 
126 may not all be due to the 
increase of resistance to heat- 
flow on the heating steam side 
of the tubes ; for it is seen 
from Table 33 that the water 
evaporated per square foot 
per hour varied from 19‘1 to 
4-61 lb., and, of course, the rate of circulation of the boiling 
water varied accordingly. This of itself would cause an in- 
crease of resistance on the water side of the tubes and would 


Fig. 126. — Relation between rate of 
heat transmission and ratio of 
steam pressure to total pressure, 
from Kerr’s evaporator experi- 
ments. 


reduce the rate of heat transmission accordingly. 

A series of experiments were made upon calandria E with 
densities of sugar juice varying from 18 to 70 Brix., the height 
of the juice, as shown by the gauge glass, being about 12 inches 
above the lower tube plate. By subtracting the saturatioi^ 
temperature of the vapour from the average observed tempera-: 
ture of the juice the increase in the boiling temperature due 
to the combined effect of juice density and hydrostatic bead 
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was obtained, The results are shown plotted in Fig. 127 on a 
density (Brix.) base. Where the curve cuts the line of zero 
density indicates approximately the rise of boiling temperature 
due to the hydrostatic head. 

Another set of experiments was made to determine the 



Fig. 127, — Temperature of sugar-juice above saturation 
temperature of vapour, from Kerr’s evaporator 
experiments. 


variation of the rate of heat transmission with density of the 
juice, and the results obtained are plotted in Fig. 128 on the 
density base. Table 34 also illustrates the extreme range of 
values obtained. 

TABLE 34 


TESTS WITH VARYING DENSITY OF BOILING LIQUID (HEAD 14 INCHES). 


Type of 
ealandria. 

No. of 
tests 
in the 
series. 

Absolute pressures 
indies mercury. 

Temperatures, "F. 

Density 
of .juice, 
deg. 
Brix. 

Water 
evapor- 
ated per 
sq. It. 
per hour, 
lbs. 

B.Th.U. 

' per sq. ft. 
per sec. 
per deg. 
Fab. dilf. 

Vapour 

over 

boiling 

liquid. 

Heating 
steam in 
ealandria. 

Vapour 

over 

boiling 

liquid. 

Heating 
steam in 
ealandria. 

Juice 

entering. 

1 


6-06 

8-60 

134-8 

156-9 

81 0 

0 

4-93 

•21 

E 1 

7 

to 







to 



4-65 

9-53 

1351 

160-6 

! 

81-0 

' 61-86 

3-0 

•073 


The decrease of the heat transmitted as the density of the 
boiling juice increased might be ascribed to the following 
causes : — 

(1) The boiling temperature of the juice increases with the 
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0 )0 20 30 40 50 60 


DENSITY OF JUICE DEGREES BRIX. 

Fia. 128 . — Variation of rate of heat transmission with 
density of juice, from Kerr’s evaporator experiments. 



Fio. 129. — ^Evaporator A, tested 
by Kerr. 



Eia. 130. — Evaporator B, hori- 
zontal tubes, tested by Kerr. 
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density for any given vapour pressure over the liquid and thus 
reduces the temperature difference between the heating steam 
and the juice. 

(2) The hydrostatic pressure increases also with the density 
and further raises the boiling temperature. 

(3) The increased viscosity of the juice reduces the rate of 
circulation. 

The values of the rate of heat transmission shown in Fig. 128 
are all based upon the difference of temperature between the 
heating steam and the saturated vapour over the boiling juice. 



Fig. 131. — Evaporator C, horizontal tubes, with 
vent at end of each tube, tested by Kerr. 


Besides these laboratory experiments on a single-effect 
evaporator Mr. Kerr* has experimented on full-sized multiple- 
evaporators operating under factory conditions for the manu- 
facture of sugar. The evaporators tested included double, 
triple, and quadruple effects of different types represented in 
Figs. 129 to 134. (Types A to G.) 

Type A (Fig. 129), of common construction, has vertical 
submerged tubes with the heating steam supplied in the shell 
to the outer surfaces of the tubes, and having the air vented or 
withdrawn as shown near the large central downcomer tube. 
Type B (Fig. 130) has horizontal tubes where the steam is 

♦ “Capacity and Economy of Multiple Evaporators,” Jowr. Amer, Soc, 
Mich, Engs., July, 1916. 
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Fig. 132. — Evaporator D of 
Kestner type, tested by Kerr. 


supplied to the inside and the juice 
is outside these tubes. Type C (Fig. 
131) has horizontal steam tubes ex- 
panded at one end into a thick tube 
plate and these tubes are closed at 
the other end except for the small 
hole or vent which releases the incon- 
densable gases into the vapour space. 
The water of condensation leaves the 
tubes at the end where the steam 
enters . J nice is supplied by centrifugal 
pumps to a distributor above the 
tubes and falls in a film from one tube 
to another. The piping is arranged so 
that the juice may be recirculated 
over the tubes until the required con- 
centration in each body is obtained. 
Type D (Fig. 132) has vertical tubes 
approximately 20 feet long, with the 
juice inside and the steam outside 
these tubes. The level of the juice is 
near the bottom of the tubes and the 


bubbles of steam formed 
carry juice upwards more 
or less as a film on the 
tube surface. The juice thus 
carried upwards is partly 
evaporated and the re- 
mainder enters the special 
separator at the top of the 
tubes. The juice and 
vapour pass from body to 
body in the usual manner. 
Type E (Fig. 133) is similar 
to A except that it has 
special baffles for the dis- 
tribution and direction of 
the steam among the tubes. 
Type F is the same as B 



Fig. 133. — Evaporator E, similar to A, 
Fig. 129, but with bftffles in steam space, 
tested by Kerr, 
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but with atmospheric pressure 
in the last body. Type G (Fig. 

134) has vertical steam tubes 
closed at the top end, each tube 
having a smaller bore tube inside 
reaching to near the closed end 
for the discharge of the incon- 
densable gases. 

In making the tests the weight 
of juice was determined by 
measuring in the factory tanks 
the volume of juice leaving and 
then calculating the weight from 
the known densities. The water 
of condensation from the heating 
steam in the first body was 
determined by weighing or by 
a venturi meter, the former in 
most of the tests. Some of the 
more important data from the 
tests on multiple-evaporators is 
given in Table 35. The per- “ 

centage evaporation by weight 
was given by the following calculation, thus, 

Let B— density of juice leaving, degree Brix. 

„ 6= „ „ „ entering „ „ 

,, X=: weight of water evaporated. 

,,W= ,, ,, juice entering. 

Then, Weight of sugar in solution=6W~B(W —X), 

or,|-100=2^‘ 100. 

=percentage evaporation. 
The percentage evaporation by volume was also calculated 
in the following manner : — 

Let t>= volume of juice entering. 

„ „ „ leaving. 

„ ai=specific gravity of juice entering. 

.. “ 2 = .. „ „ » leaving. I 

„ p= density of water. 



TABLE 35 
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Density of juice in 
deg. Brix 

Leaving. 

50-2 

o 

CO 

»o 

62-9 

iO 

i> 

CO 

lO 

CD 

46-2) 

58-0 

64-2 

Entering. 

13*7 

— 

15-9 

lO 

O 

CO 

pH 

1 

pH 

CO 

GSl 

rH 

16-5 

pH 

15-0 

Temperatures, 

"F. 

Juice 

leaving. 

o 

128-9 

Cp 

6i 

r— ( 

141 

136-9 

lO 

(N 

rH 

136 

rH 

Juice 

entering. 

183-5 

206-7 

199-7 

00 

05 

rH 

207-7 

rH 

<N 

171 

rH 

GO 

00 

rH 

Steam 
pressure 
in last 
eflFect. 
lbs. sq. in. 
absolute 

1-8 

»o 

00 

CO 

CO 

O 

iO 

05 

(H 

CO 

oo 

pH 

14-6 4-6 

GO 

50 

»o 

pH 

Steam 
pressure 
in 1st 
effect, 
lbs. sq. in. 
absolute. 

Cp 

CO 

i—i 

14-9 

21-4 

l> 

00 

i-H 

6^ 

rH 

(3 S O 


»o 

rH 

o 

(N 

o 

o 

(N 

Tt< 

05 



o 

O 

o 

CO 

i> 

o 

rH 

50 

(M 

St: 


U3 

a 

o 


ic 

o 

rH 

o 

50 

W M o 




<N 

CO 

<N 


(N 

CO 

rH 


















Hn 






P* 


<M 


Hoc 



1 

<N 

(M 














Hn 


Hpi 


Hr}( 
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Oi 

CO 


1 

CO 











G<l 
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"4 










6 M 
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CO 

CO 
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of 

Evap- 

orator. 
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PQ 

W 

a 
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W 

O 
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CO 

<N 




CO 



05 
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CD 

CO 

CO 


CO 

50 



fH 



l> 

CO 

CO 

o 

CO 

00 

o 

s 




rH 

G<| 

(N 

CO 

CO 

CO 



35 — continued 
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w 

Hi 


H 


No. of days 
since Last 
cleaning. 

CO 

1 

•4* 

CO 

o 

o 


1 

iH 

CO 

Heat 
efficiency, 
per cent. 

1 

94-5 

89*1 

90*5 

6*96 

94*8 

86-5 

97-4 

1 

Percentage 
of radiating 
surface 
covered. 

1 

1 

73*5 

o 

100 

95 

o 

40 

1 

Radiating 
surface of 
evaporators 
per 100,CX)0 

juice per 

24 hours, 
sq. ft- 

1 

1 

1207 

1780 

832 

774 

946 

990 

1 

Water 
evaporated 
per sq. It. 
H.S. per 
hr., lbs. 

5-44 

5*67 

7*77 

00 

o 

lO 

9*02 

7*76 

7*77 

(N 

CO 

5*95 

Water 
evaporated 
per pound 

supplied, 

lbs. 

1 

2 09 

3*70 

CO 

3*71 

4*24 

2*91 

2*49 

1 

Water 

evaporated, 

lbs. 

587,914 

104,776 

248,701 

314,062 

556,923 

748,958 

191,585 

338,869 

206,917 

Percentage 

evaporation. 

(U 

1 

o 

>> 

76-6 

761 

77*2 

00 

79*9 

76*7 

68*5 

78*8 

QO 

-*3 

S 

>> 

P3 

72*7 

71*6 

72*2 

77*5 

76*1 

72*7 

64*3 

75*4 

76*7 

Method of 
venting. 

* 

•o 

ad 


o 

1 

Note 3. 

None. 

Fig. 133. 

Fig. 134 
(bottom). 

Method of 
removing 
water of 
condensa- 
tion. 

* 



Note 2. 










I, bottom and top, body to body. 



B. Th. U. SQ FT. SEC. ®FAH. (STEAM - VAPOUR ) 
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Then, 'W=va^p. 

and, W— X=Va 2 /!)=«Oip— X. 

From previous calculation, X=5:j^W=5-^ va^p 

B B 

Thus, Ya^—va^:- 


v—Y 

But, Percentage evaporation by volume =— — X 100. 



160 160 170 180 190 200 210 220 230 ®F 


TEMPERATURE OF HEATING STEAM °FAH 

Fig. 135. — General relation between rate of heat transmission and 
temperature of heating steam in evaporators. 

The rates of heat transmission obtained from some of the 
types experimented upon are shown plotted in Fig. 135 on the 
base of temperature of the heating steam, and the mean lines 
drawn in are only intended to show the general relations. 
Comparing these values with those obtained from the single- 
efifect evaporator when evaporating water, shown in Fig. 125, 
p. 277, it would be seen that although the multiple-effect 
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evaporator results were somewhat erratic, they are distinctly 
lower than those for water in Pig. 125, as would be expected 
from the influence of the density of the solution on the boiling 
temperature, and of the viscosity on the rate of circulation. For 
purposes of comparison the results obtained from Claassen’s 
experiments, given in Tables 28 and 29, p. 266, are also 
plotted in Fig. 135. On the whole the proportionate decrease 



Fig. 13(3. — General relation between rate of heat transmission 
in evaporators and density of boiling juice. 


shown in Fig. 135 with decreasing temperature of the steam is 
much greater than in Fig, 125, p. 277, no doubt largely because 
of the increasing density of the juice and the lower rate of 
circulation in the last effect as compared with the first effect. 

The whole of the results available with varying density of 
the sugar juice have been collected together in Fig. 136, and 
the difference of temperature between the steam and the 
wapour or the fluid is marked (in brackets) against the various 

U— H.T. B.C.E. 
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points or at the ends of the curves, as well as the temperatures 
of the heating steam. The plotted points for the multiple- 
effect experiments made by Claassen have been omitted. The 
experiments by Kerr on multiple-effect apparatus are not 
shown here because the density of the juice in the intermediate 
effects was not given in his paper, but comparing values for the 
first and last effects, corresponding to the values near the two 
extremes of density in Fig. 136, it would be seen that the 
average values from Kerr’s tests lie near to the curve 
representing Claassen’s multiple-effect results. 



TABLES AND DATA 

TABLE 36 

THERMAL PROPERTIES OP WATER AT SATURATION PRESSURE 


(From Marks and Davis’ Steam Tables) 


Temperature, 

T. 

Saturation 
Pressure, 
lbs. .sq. ill. 
absolute. 

Density, 
lb.s. per cu. ft.' 

Specific 

Heat. 

20 

0 06 

62-37 

1-0168 

40 

012 

62-43 

1 -0045 

60 

0-26 

62-37 

0-9990 

80 

0-51 

62-22 

0-9970 

100 

0-95 

62-00 

0-9967 

120 

1-69 

61-71 

0-9974 

140 

2-89 

61-38 

0-9986 

160 

4-74 

61-00 

1 -0002 

180 

7-51 

60-58 

1-0019 

200 

11-52 

60-12 

1 -0039 

220 

17-19 

59-63 

1-007 

240 

24-97 

59-11 

1-012 

260 

35-42 

58-55 

1-018 

280 

49-18 

57-96 

1 -023 

300 

67-00 

57-33 

1-029 

320 

89-63 

56-66 

1-035 

340 

118-0 

55-94 

1-041 

360 

153 

55-18 

1-048 

380 

196 

54-36 

1 -056 

400 

247 

53-5 

1-064 

420 

308 

52-6 

1-072 

440 

381 

51-7 

1-082 

460 

465 

50-7 

1-091 

480 

565 

49-7 

1-101 

500 

684 

48-7 

1-112 

520 

822 

47-6 

1-123 

540 

977 

46-3 

1-134 

560 

1152 

44-9 

1-146 

580 

1349 

43-3 

1-158 

600 

1574 

41-8 

1-172 

620 

1827 

40-1 

— 

640 

2111 

38-1 

— 

660 

2428 

35-6 

— 

689 

2947 

20-5 

— 


* For full data respecting the pressure, temperature, volume and heat 
contents of saturated and superheated steam refer to steam tables by Marks 
and Davis, Peabody, Smith and Warren, or Callendar. The various values 
differ slightly as given by the different steam tables, but the two last men- 
tioned, based on Professor Callendar’s work, are now considered to be founded 
on the most reliable data. 
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TABLES AND DATA 


TABLE 37 


BOILING POINT OP SOLUTIONS (GERLACH) 


Olycerol, per cent 

100 

I 

95 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Vapour pressure \ mm. 
at 100° C. /mercury 

i«4 

162 

247 

396 

i 

496 

565 

618 

657, 

690 

! 717 

740 

Boiling point at 760) 
mm. mercury J ‘ 

1 

290 

I 

164 

138 

121 

113- 

109 

106 

104 

102-8 

101-8 

100-9 

Sodium chloride, per cent 

3 -4 

6*6 


12-4 

17-2 

1 

21*5 

25-5 

29-5 

33-5 

37-6 

Boiling point at 760^ 
mm. mercury / ‘ ‘ 

lOOv 

5 

101 

102 

103 

104 

105 

106 

107 

108 


TABLE 38 

GT.ATSUEirs KACI’ORS FOR WET AND DRY BULB HYG ROME TER* 


Dr\ Btilb 
Teiiipeiatui-p, 

•F. 

Factor. 

Dry Bulb 
Tempo ratine, 

op 

Factor. 

Below 24 

8-5 

34-35 

2-8 

24-25 

6-9 

35-40 

2-5 

25-26 

6-5 

40-45 

2-2 

26-27 

61 

45-50 

2-1 

27-28 

5-6 

50-55 

2-0 

28-29 

5-1 

55-60 

19 

29-30 

4-6 

60-65 

1-8 

30-31 

4-1 

65-70 

1-8 

31-32 

3-7 

70-75 

1-7 

32-33 

3-3 

75-80 

1-7 

33-34 

3-0 

80-85 

1-6 


* Temperature of dew point given by multiplying the difference between 
the wet and dry bulb readings by the appropriate factor and subtracting the 
product from the dry bulb temperature. The partial pressure of the vapour 
is given by steam tables at the dew-point temperature. The weight of vapour 
and the heat contents per pound of air can be derived from the graphs in 
Eig. 102. 
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TABLE 39 

DENSITY AND SPECIFIC GRAVITY OP SUGAR SOLUTIONS 
(At 17i“Cent. or63J*Fali.) 


ti) S 

s§ 

Sugar 
per cent, 
or 

Brix. 

specific 

gi-avity. 

In one gallon 
(Imperial.) 

lbs. 

sugar. 

lbs. 

water. 

0-0 

0-00 

1-0000 

-0000 

10-0000 

0*5 

0*90 

1-0035 

•0903 

9-9447 

10 

1-80 

1-0070 

•1812 

9-8888 

1-5 

2 69 

1-0105 

•2718 

9-8332 

2-0 

3*59 

1-0141 

•3640 

9-7770 

2-5 

4-49 

1-0177 

•4569 

9-7201 

3-0 

5*39 

1-0213 

•5504 

9-6626 

3-5 

6-29 

1-0249 

•6446 

9-6044 

4-0 

7-19 

1-0286 

•7395 

9-5465 

4-6 

8-09 

1-0323 

•8351 

9-4879 

5*0 

9 00 

1-0360 

•9324 

9-4276 

6-0 

10-80 

1-0435 

1-1269 

9-3081 

7-0 

12-61 

1-0511 

1-3254 

9-1856 

8-0 

14-42 

1-0588 

1-5267 

9-0613 

9-0 

16-23 

1-0667 

1-7312 

8-9358 

10-0 

18-05 

1-0740 

1-9396 

8-8064 

11-0 

19-87 

1-0827 

2-1513 

8-6757 

12-0 

21-69 

1-0909 

2-3661 

8-5429 

13-0 

23-52 

1-0992 

2-5853 

8-4067 

14-0 

25-35 

1-1077 

2-8080 

8-2690 

15-0 

27-19 

1-1163 

3-0342 

8-1288 

16-0 

29-03 

1-1250 

3-2658 

7-9842 

17-0 

30-87 

1-1339 

3-5003 

7-8387 

18-0 

32-72 

1-1429 

3-7395 

7-6895 

19-0 

34-58 

1-1520 

3-9836 

7-5364 

20*0 

36-44 

1-1613 

4-2317 

7-3813 

21-0 

38-30 

1-1707 

4-4837 

7-2233 

22-0 

1 40-17 

1-1803 

4-7412 

7-0618 

23-0 

42-05 

1-1901 

5-0043 

6-8967 


Deg. 

Baume. 

Sugar 1 
I)er cent, 
or 

Brix. 

Specific 

giuvity. 

In one gallon 
(Imperial.) 

lbs. 

sugar. 

lbs. 

water. 

24-0 

43-94 

1-2000 

5-2728 

6-7272 

25-0 

45-83 

1-2101 

5-5458- 

6-5552 

26-0 

47-73 

1-2203 

5-8244 

6-3786 

27-0 

49-63 

1-2308 

6-1084 

6-1996 

28-0 

51-55 

1-2414 

6-3994 

6-0146 

29-0 

53-47 

1-2522 

6-6955 

5-8265 

30-0 

55-47 

1-2632 

7-0069 

5-6261 

31-0 

57-34 

1-2743 

7-3068 

5-4362 

32-0 

59-29 

1-2857 

7-6229 

5-2341 

33-0 

61-25 

1-2973 

7-9459 

5-0271 

34-o! 

63-22 

1-3091 1 

8-2761 

4-8149 

35 -O] 

65-20 

1-3211 

8-6135 

4-5975 

36-0 

67-19 

1-3333 

8-9584 

4-3746 

37-0 

69-19 

1-3458 

9-3115 

4-1465 

38-0 

71-20 

1-3585 

9-6725 

3-9125 

39-0 

73-23 

1-3714 

10-0427 

3-6713 

40-0 

75-27 

1-3846 

10-4218 

3-4242 

41-0 

77-32 

1-3981 

10-8101 

3-1709 

42-0 

79-39 

1-4118 

11-2082 

2-9098 

43-0 

81-47 

1-4267 

11-6233 

2-6437 

44-0 

83-56 

1-4400 

12-0326 

2-3674 

45-0 

85-68 

1-4545 

12-4621 

2-0829 

46-0 

87-81 

1-4694 

12-9028 

1-7912 

47-0 

89-96 

1-4845 

13-3325 

1-6126 

48-0 

92-12 

1-5000 

13-8180 

1-1820 

49-0 

94-30 

1-5158 

14-2939 

-8641 

50-0 

96-51 

1-5319 

14-7843 

•6437 
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TABLE 40 
SPECIFIC GRAVITY 
SODIUM CHLOUrDE SOl.UTION AT l.r C. (59° F.) 


UsTa. Cl. per cent 

12 

1 ^ 

0 8 12 

1 

16 

20 

24 

26 

Specific gravity . 

'l 0072|l0145 

1-029 

1 -04411 0581 1-089 

1-119 

1-151 

1-184 

1-201 


GI.YCEIIOL SOLUTIOX 


Glycerol, per cent 

100 

90 • 

80 

60 

40 

20 

10 

5 

Specific gravity 

1-208 

1 -29711 

-210 

1-156 

! 

1-101 

1 -049 

i 

1-024 

1-012 


ALKAIJNE SOLUTIONS 


Alkali, per cent 

1 2 

5 

10 

20 

30 

40 

50 

60 

70 

Specific 4 

gravity for 1 
solutions of J 

NH, 

-oool -991 

-979 

-959 

-925 

-898 

— 

— 

— 

— 

NaOH 

l-012jl-024 

_ 

1-058 

1-115 

1-225 

1-332 

1-437 

1-540 

1-643 

1-748 

KOH 

1-009 1-017 

1-041 

1-088 

1 177 

1-288 

1-412 

1-539 

1-667 

1-790 
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TABLE 41 

COEPFICIKNT OF VISCOSITY OF SOLUTIONS OF CANE SUGAR 
(liased on Hosking’s results). 


'I’eniperature. 

''Coefficient of Viscosity 
fi. 

Per cent 

Cline sugar 
in solution. 

^C. 

F. 

Dynes per 
sip cm. 

Lbs. per 
sq. ft. 

0 

32 

-1476 

•000308 


12-79 

55 

•0798 

•000167 


20-23 

68-4 

•0600 

, -000125 


40-44 

104-7 

•0310 

•OOOOC5 

4:U 

60-51 

141 

•0188 

•000039 


80-32 

176-4 

•0128 

•000027 


0 

32 

•0372 

•000078 


13-02 

55-5 

-0235 

•000049 


20-04 

C8-1 

•0191 

•000040 


40-31 

104-5 

•0117 

•000025 


CO -20 

140-3 

•0080 

•000017 


80-21 

176-2 

•0058 

•000012 


0 i 

1 

32 

•0244 

•000051 


10-42 

50-8 

•0172 

•000036 


20-17 

68-3 

•0132 

•000027 

1 A 

40-30 

104-5 

-0084 

•000017 

10 

60-27 

140-5 

•0059 

•000012 


80-31 

176-4 

-0045 

•0000093 


O-IO 

32-2 

•0204 

•000042 


12-58 

54-6 

•0138 

•000029 


20-29 

68-6 

•0113 

•000023 


40-40 

104-6 

-0072 

•000015 

0 

60-34 

140-6 

•0052 

•000011 


80-0 

176 

•0040 

•0000083 


0-10 

32-2 

•0180 

•000038 


13-32 

56 

•0122 

•000025 


20-00 

68 

•0103 

•000022 

1 

40-18 

104-4 

•0067 

•000014 

1 

60-54 

141 

•0047 

•0000098 


80-06 

176-1 

•0036 

•0000075 



* Meeisvired in dynes per square cm. when the relative velocity is 1 cm. 
per second between two planes 1 cm. apart (no convective motion in the 
fluid other than the natural diffusion of the molecules) or, measured in lbs. 
per sq. ft. when the relative velocity is 1 ft. per second between two planes 
1 ft. apart (no convective motion other than natural diffusion). 
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TABLE 42 

COEFFICIENT OF VISCOSITY OF SOLUTIONS OF SODIUM CHLORIDE 


(Baaed on IIoskin<;’s ro.sulta). 


TeiiiperatuiP. 

*Co(d!icient ot Viscosity. 

Per cent of salt 





in solution. 

c 

F 

Dynes p'M 

Ll)s. per 




s(j cm 

S<J. tl. 


•72 

33-3 

•0259 

•000054 


12-48 

54-4 

•0185 

•000039 


21-20 

70-2 

•0150 

•000031 

90 

40-57 

105 

•0101 

•000021 


60-05 

140-1 

•0074 

•000015 


80-88 

177-5 

•0050 

•000012 


-00 

32-1 

•0203 

•000042 


11-80 

53-2 

-0145 

•000030 


20-40 

08-9 

•OHS 

•000025 

1 0 

40-30 

104-5 

•0080 

•000017 


00-67 

141-1 

•0058 

•000012 


80-27 

176-5 

•0045 

•0000094 


0 

32 

•018(‘) 

•000039 


10-89 

53-0 

•013(> 

•000028 


20-22 

08-4 

•0108 

•000022 

r; 

40-80 

105-5 

•0071 

•000015 

o 

00-84 

J41 -4 

•0052 

•000011 


80-25 

170-4 

•0040 

•0000083 


0 

32 

•0180 

•000038 ! 

\ 

11-70 

53-2 

•0125 

•000026 


20-20 

08-5 

0101 

-000021 

1 

40- J 5 

104-3 

•00()0 

•000014 

1 

60-39 

140-7 

•0049 

•000010 


80-32 

170-5 

•0037 

•0000076 



Seo note, Table 41, 



( OEFFICIEXT OF VISCOSITY OF GLYCEROL AND GLYCEROL SOLUTIONS 


TABLES AND DATA 
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* See note. Table 41. 

For lltf‘ \'!Vr‘oqity of water, air, etc., refer to Table 9, p. 65, and Table 8, p. 64, of Heat Transmission hy Hadiation, 
Conduction,^ and Convection. 




INDEX 


A 

Air, density of, with va})oiir at 
eondenser ])rossures, 104 

— volume of, with vapour at con- 

denser pressures, 102 

— voliune and heat contents at at- 

mospheric pressure, 210 

— weight of, through cooling towers, 

217 

< — and vapour, weight of water 
particles entrained by, 110 

— current in coolers, v<‘locitv of, 

219, 221 

— entrained in water, 107, 10<S 

— heated by hot gases, calculations, 

92-95 

- — in condensers, 101 

— in solution in water, 10() 

— in steam, influence on rate of 

heat transmission, 158, 251, 

279, 280 

— indicator or gauge, Wcighton’s, 

111 

— leakage in condensers, 109 

' infiiK'nco on vacuum, 111 

— measurements by nozzles or 

orifices, 117 

— pump capacity, 117, 154 
- — ■ — ^ diagram, 112 

calculations from, 112-114 

volumetric efliciency, 118 

— supplied to furnace, 50, 52, 05 
Allen’s condenser experiments, 145- 

149, 200 

B 

Barker’s cooling pond experiments, 
229 

Boiler calculations, exhaust -heated 
boiler, 61- 64 

high-speed boilers, 64-80 

locomotive boilers, 80-86 

Boiler experiments — 

air supply per pound coal, 50 


Boiler experiments — 

boiler efficiencies, 15, 17, 50, 31, 
33, 38, 45 

coefficient of resistance to flow of 
gases, 16, 18, 52 

equivalent evapoiation, 14, 30, 31,* 
38, 45, 55 

furnace losses, 24, 30, 31 , 33, 38, 49 
gases [)er pound coal fired, 24, 26, 
37, 44 

Heme boiler, 42 
draught, 45 

— — efficiency, 45 

furnace temperatures, 43, 44 

gas temperatures, 44 

losses, 45 

rate of heat transmission, 40 

tube efficiency, 40 

locomotive, 19, 33 

— draught, 32 

— efliciency, 30, 31, 33 ^ 

— furnace tempei’aturc's, 22, 25, 
26, 33 

— losses, 22, 24, 30, 31, 33 

— ■ rate of heat transmission, 27, 29, 
34 

— tube efliciency, 27, 20, 34 
Nicolson’s, 2 

— draughts, 5, 0, 10, 14 

— effects of overheating, 5, 7, 12 

— efliciency of boiler, 15, 17 

— experimental data, 13 10 

— fimt arrangement, 3 
— ■ gas flues, 9 

— heat transmitted at water-drum 
flue, 0 

at plug flue, 8, 15 

— objects of, 3 

— rate of heat transmission, 15, 

47 

— resistance to gas flow, 14, 16, 
18, 51 

— second arrangement, 0 

— third arrangement, 7 

— water channels, 10 
Xormand boiler, 34 
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INDEX 


Boiler experiments — 

Normand boiler dimensions, 36 

efficiency, 38 

furnace and uptake tem- 
peratures, 36, 37 

gas pressures, 41 

losses, 38 

rate of heat transmission, 39 

tube efficiency, 39 

rate of firing coal, 14, 30, 31, 33, 
38, 45, 49 

rate of heat transmission, 15, 25, 
27, 29, 34, 39, 46, 47 
tube efficiencies, 27, 29, 34, 39, 46 
values of “ M,” 48 

Boiler scale, influence on efficiency, 
56, 85 

Boilers, difficulties associated with 
experiments on, 1 

Boiling point of solutions, elevation 
of, 252, 263, 264, 270, 281, 292 

rise duo to hydrostatic head, 

252, 274, 281 

Breckenridge, Kreisinger, and Ray’s 
Vjoiler experiments, 42-47 

C 

Callendar’s thin tube condenser ex- 
periments, 190-192 
Callendar and Nicolson’s thick tube 
condenser experiments, 189 
Chimneys, 59 
Circulating pumps, 209 

power required, 213 

Claassen’s evaporator experiments, 
259-267 

Clement and Garland’s condenser 
experiments, 138-140, 196-199 
Combustion, rate of, in oil-fired 
furnace, 52 

Condensation of steam, 100 
Condenser calculations, examples of, 
205-209 

Condenser experiments — 

Allen, 145, 200 

Callendar, 190 

— and Nicolson, 189 

Clement and Garland, 138, 196 

Hagemann, 127 

Josse, 156, 163 

Joule, 122 

McBride, 164 

Nichol, 127 

Orrok, 110, 119, 134 

Royds, 131, 166, 172 

Ser, 130 

Smith, 131, 159, 173 


Condenser experiments — 

Stanton, 183 
Webster, 140, 193 
Weighton, 149, 167, 173, 202 
Condenser tube efficiency, 187 
Condensers, rate of heat transmission, 
176, 177 

— evaporative, 223 

— experiments by Fitts, 226 
by Longridge, 224 

rate of condensation, 225, 226, 

227 

of heat transmission, 225, 

227, 229 

Cooling, spray, 215 

— of water, 213 

— ponds, 214 

calculations, 236, 237 

experiments on, 229, 230, 231, 

234 

— towers, 214 

experiments by Robinson, 222 

flguro of merit, 221, 222 

D 

Dalton’s law of mixtures, 101 
Density of solutions, influence on 
boiling temperature, 252, 263, 
264, 270, 281, 292 

Draught due to vertical boiler tubes, 
59 

— • in boilers, 5, 6, 10, 14, 32, 41, 45, 
58, 59, 70, 72, 80 

E 

Edwards air pump, indicator dia- 
gram, 112 

Evaporation, equivalent, in boilers, 
14, 30, 31, 38, 45, 55 ^ 

— in cooling towers, 217 

— from water surfaces, 225, 227, 228, 

233, 234, 235 

Evaporative condensers, 223 
Evaporator, calandria typo, 240, 271 

— Kestner type, 284 

— Yaryan type, 242 

— calculations, 245-251 

— experiments, Claassen, 259, 265 
Heriot, 258 

Kerr, 267, 283 

Lang, 255 

Evaporators, 239 

— distribution of temperature in, 

241, 244 

— experimental data from, 251 

— experiments of general nature, 255 
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Evaporators, influence of circulation 
on rate of heat transmission, 
254, 255 

of conductivity of metal, 251, 

252 

of hydrostatic head, 252, 265, 

274, 276, 281 

— multiple effect, 240 

— resistance to flow of heat, 251 

F 

Fans and blowers, 57 

work and horse-power, 58, 

70, 72, 80 

Feed heater experiments, Loeb’s, 178 
Fitts’ evaporative condenser ex- 
periments, 226-229 
Furnace, oil fired, experiments on, 51 

G 

■Gases, flow across boiler tubes, 19, 35, 
54, 74, 76 

— temperature measurement, errors 

duo to radiation, 2 
Glaislier’s factors, table of, 292 
<flycerol solutions, table of viscosity, 
297 

H 

Hagemann’s condenser experiments, 
127-130 

JHLeat transmission — 

from gases passing through brick- 
work flue, 95-98 

in surface condensers, influence of 
air in steam, 158 

relation to steam and tube 

temperatures, 183, 189, 190, 

193, 196, 206 

relation to water and tube 

temperatures, 183, 195, 196, 206 
empirical formulae, 98 
rate of, in boilers, 15, 25, 27, 29, 
34, 39, 46, 47 

— of, in evaporators, 257, 261-6, 
268, 270, 276, 277, 279, 280, 282, 
288, 289 

influence of air in steam, 

251, 279, 280 

circulation, 251, 252, 254 

density of boiling liquid, 

259, 261, 263, 264, 270, 282, 289 

hydrostatic head, 252, 

266, 276 

conductivity of metal, 

251, 252 


Heat transmission — 

rate of, in evaporators, influence of 
steam and vapour temperatures, 
257, 260, 262, 263, 277, 279, 288 

— in feed heaters, influence of 
velocity, 178, 179, 181, 204 

— in oil heater, 204 

— in surface condensers, 120, 121, 
176, 177 

— in surface condensers, influence 
of velocitv of flow, 121-158, 
162, 172-178, 194, 197 

— influence of specific heat of gas, 
86 

Heriot’s vacuum pan experiments, 
258 

Hudson’s formula for rate of lieat 
transmission in i)oilers, 99 
Humidity of atmosphere, 218 
Hygrometers, 218, 

J 

Josse’s condenser experiments, 156, 
163 

Joule’s condenser ex])erirnents, 122-- 
127 

K 

Kerr’s evaporator experiments, 267- 
288 

Kestner type of evaporator, 284 

L 

Lang’s evaporator experiments, 255- 
258 

Leblanc’s experiments on entrain- 
ment of water particles, 116 
Locomotive boiler dimensions, 20, 33 

experiments, 1 9, 33 

Loeb’s feed heater experiments, 178- 
182, 204 

— oil heater experiments, 204 
Longridge’s tests on Nicolson’s 

boiler, 13 

— evaporative condenser experi- 

ments, 224 

M 

McBride’s condenser experiments, 
164-166 

Mellanby’s experiments on oil-fired 
furnace, 51 

Morison’s experiments on air in 
solution in feed water, 109 
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INDEX 


N 

Nichol’s condenser experiments, 127 
Nicolson’s boiler experiments, 2-19 
Nozzles for measurement of air, 117 

O 

Oil heater, rate of heat transmission 
in, 204 

Orrok’s condenser experiments, 110, 
119, 134-138 

— experiments on air in solution, 108 

leakage in condensers, 109 

P 

Pyrometer, Fcry radiation, 51 
— r Wanner optical, 36, 43 
Pyrometers, thermo junction type, 
22, 23, 36 

R 

Rankine’s formula for heat trans- 
mission in boilers, 98 
Ray and Kreisinger’s boiler experi- 
ments, 34-42 

Resistance to flow of steam through 
surface condensers, 119 

of water, calculations, 211 

Robinson's cooling tower experi- 
ments, 222 

Royds' condenser experiments, 131— 
134, 166, 172 

Ruggles’ cooling pond experiments, 
230 

S 

Ser’s condenser experiments, 130 
Smith’s condenser experiments, 131, 
159-163, 173 

— experiments on air in solution, 106 
Sodium chloride solutions, table of 

viscosity, 296 

Solutions, table of boiling points, 292 

of specific gravity, 293, 294 

Stanton’s condenser experiments, 
183, 188 

— equation for tube temperature, 

183, 186 

Steam tables, 291 

Stefan-Boltzmann law of radiation, 
25 


Sugar solutions, table of density and 
specific gravity, 293 

of viscosity, 295 

Superheater calculations, 86-91 

T 

Temperature, dew point, of flue 
gases, 60 

— mean difference of, 28, 121 

— distribution from steam to water ^ 

196, 203 

— of condenser tubes, 183, 207, 208,. 

209, 210 

— of gases, errors due to radiation, 2 

— of steam and tube, relation to 

rate of heat transmission, 183,. 
190, 193, 196, 203 

to vacuum, 200, 202 

Temperatures in evaporators, 241,. 
244 

V 

Vacuum efficiency, 146 

— pan, 242 

experiments, Heriot, 258 

Viscosities of sugar, molasses, and 
salt solutions, 265 

Viscosity of glvcerol solutions, table 
of, 297 

— of sodium chloride solution, table 

of, 296 

— of sugar solutions, table of, 295 

W 

Water, table of thermal properties 
of, 291 

— cooling, 213 

Webster’s condenser experiments, 
140-144, 193-196 

Weighton’s condenser experiments, 
149-156, 167, 173, 202 

water temperatures at each 

pass, 170 

Weir, rate of heat transmission in 
surface condensers, 177 
Winkler’s values of gases in solution 
in water, 105 

Y 

Yaryan evaporator,'"242 
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Laboratory. 2nd Edn., largely rewritten. 12/6 net. (See p. 53.) 

The Law and Commercial Usage of Patents, Designs, 

and Trade Marks. Kenneth R. Swan, B.A.(Oxon.), 

of the Inner Temple, Barrister-at-Law. y 16 net. 

PyeCIOUS Stones, with a chapter on Artificial Stones. W. 
Goodchild, M.B., B.Ch. 7/6 net. 

Electro-Metallurgy. J, B. C. Kershaw, F.I.C. 7/f) net. 
(See p. 39.) 

Natural Sources of Power. Robert s. Ball, B.Sc., 
A.M.I.C.E. 7/6 net. 

Radio-Telegraphy, c.g.f. Monckton, m.i.e.e. 7/6 net. 
Introduction to the Chemistry and Physics of Build- 
ing Materials. Alan E.Munby,M. A. (Cantab.). 7/6 net. 

The Gas Engine, w. J. Marshall, A.M.I.M.E., and 
Captain H. Riall Sankey, R.E., M.I.C.E. (Sec p. ii.) 
12/6 net. 

Photography. Alfred Watkins, Past-President of the Photo- 
graphic Convention, 1907. 2nd Edn. Revised. 12/6 net. 
(See p. 55.) 

Wood Pulp. Charles F. Cross, B.Sc., F.I.C. , E. J. Bevan, 
F.I.C., and R. W. Sindall, F.C.S. 2nd Edn. Revised. 
8/6 net. (See p. 52.) 

Welding and Cutting of Metals by the Aid of Gases 
or Electricity. Dr. L. a. Groth. 2nd imp. 8/6 net. 

General Foundry Practice, william Roxburgh. 3rd 

Imp. 8/6 net. 

Commercial Paints and Painting. Arthur Seymour 
Jennings, y 16 net. 

Textiles and Their Manufacture. New Edition in Pro- 
paration. Demy 8vo. Illustrated. About i8/- net. 
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A Treatise of Electro-Chemistry. 

Edited by BERTRAM BLOUNT, F.I.C., etc. 

The Manufacture of Chemicals by Electrolysis. 

A. J. Hale. Demy 8vo. 6/- net. (See p. 39.) 

Ozone. By Dr. E. K. Rideal, Ph.D. , etc. Demy 8vo. 12 /- net. 
(See p. 39.) 

Other Volumes in Preparation. 


Practical Manuals for Practical Men 

Foundations and Machinery Fixing. Francis H. Davies. 

2/6 net. (See p. 28.) 

Electric Wiremen’s Manuals 
Testing and Localizing Faults, j. Wright. 2/- net. 

Arc Lamps and Accessory Apparatus, j. h. Johnson, 
A.M.I.E.E. 2/- net. 

Motors, Secondary Batteries, Measuring Instru- 
ments and Switchgear, s. K. Broadfoot, a.m.i.e.e. 

2nd Edition. 2/~ net. 

Mill and Factory Wiring, r. g. Devey. 2nd Edition. 

2/6 net. 

Electric Mining Installations, p. w. Freudemacher, 
A.M.I.E.E. 2/6 net. 

Ship Wiring and Fitting. T. M. Johnson. 2/- net. 
Bells, Indicators, Telephones, Alarms, etc. j. b. 

Redfern and J. Savin. 2/- net. 

Switchgear and the Control of the Electric Light 
Power Circuits, a. G. Coiiis, a.m.i.e.e. 2/- net. 
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Thresholds of Science 

A SERIES OF HANDY SCIENTIFIC TEXT-BOOKS, 
WRITTEN IN SIMPLE, NON-TECHNICAL LANGUAGE, AND 
ILLUSTRATED WITH NUMEROUS PICTURES AND DIA- 
GRAMS. Crown 8 VO. 2/6 net per volume. 

Mechanics, c. E. Guillaume. 200 +xiii pages. 50 Illustrations. 

ChemiStTy. Georges Darzens. 122 +x pages. 31 Illustrations. 

Botany. E. Brucker. 185 +XV pages. 235 Illustrations. 

Zoology. E. Brucker. 219+xiii pages. 165 Illustrations. 

Mathetnutics. c. A. Laisant. 158+viii pages. Over 100 
Illustrations. 

Astronomy. Camille Flammarion. 191+xi pages. 184 
Illustrations. 


Outlines of Industrial Chemistry 

A SERIES OF TEXT-BOOKS INTRODUCTORY TO THE 
CHEMISTRY OF THE NATIONAL INDUSTRIES. 

Edited by GUY D. BENGOUGII, M.A., D.Sc. 

An Introduction to the Study of Fuel. f. j. Brisiee, 

D. Sc. With many Illustrations. NewEdu. 9/6 net. (Seep. 14.) 

The Chemistry of Dyeing and Bleaching of Vege- 
table Fibrous Materials. Julius Hiibner, M.Sc.Tech., 

F.I.G. Demy 8vo. Illustrated. 20/- net. (See p. 44.) 

The Chemistry of the Rubber Industry. Harold 

E. Potts, M.Sc. Demy 8vo. 7/6 net. (Sec p. 43.) 

Iwu and Steel. An introductory Text-Book for Engineers 
and Metallurgists. O. F. Hudson, M.Sc., A.R.G.S., and 
Guy D. Bengough, M.A., D.Sc. Demy 8vo. Illustrated. 
8/- net. (See p. 18.) 

The Chemistry of the Oil Industries, j. e. South- 

combe, M.Sc., F.G.S. Demy 8vo. Illustrated. 9/-- net. 
(See p. 43.) 

Cementy Concrete and Bricks, a. b. Searie. Demy 

8 VO. Illustrated. 10/6 net. (See p. 43.) 

Other Volumes in Preparation. 
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Metallurgy : A Series 

Edited by WALTER ROSENHAIN, F.R.S., D.Sc., etc. 

An Introduction to the Study of Physical Metal- 
lurgy. Walter Rosonhain, B.A., D.Sc., F.R.S. 12/6 net. 
(Sec p. 17.) 

Volumes on The Metallurgy of Brass, Zinc, Aluminium, 
on Strain, and the Refractory Metals arc in preparation. 


The D.-S. Series of Technical Dictionaries 
in Six Languages 

English. Spanish. German. Russian. French. Italian. 


With each word, term, or item, so far as it is possible, a diagram, 
formula, or symbol is given, so that error or inaccuracy is almost 
impossible. 


Vol. T. 


Vol. II. 

Vol. III. 
Vol. IV. 
Vol. V. 
Vol. VI. 
Vol. VII. 
Vol. VIII 

Vol. IX. 

Vol. X. 


Vol. XL 
Vol. XII. 


Vol. XIII. 


The Elements of Machinery and the Tools most 
frequently used in Working Metal and Wood. 
10/6 net. 

Electrical Engineering, including Telegraphy and 
Telephony. 30/- net. 

Steam Boilers and Steam Engines. 18/- net. 
Internal Combustion Engines. 12/- net. 

Railway Construction and Operation. 15/- net. 
Railway Rolling Stock. 14/- net. 

PIoiSTiNG and Conveying Machinery. 12/- net. 
Reinforced Concrete in Sub- and Superstructure. 
8/6 net. 

Machine Tools 

(Metal Working ; Wood Working). 14/- net. 
Motor Vehicles 

(Motor Cars, Motor Boats, Motor Air Ships, Flying 
Machines). 18/- net. 

Metallurgy. 12/6 net. 

Pneumatics 

(Compressed Air, Air Pumps, Windmills, etc.) 
30/- net. 

Structural Engineering. 22/- net. 


The best book, or series of books, of its kind yet attempted .*’ — The Engineer. 
** Anyone desiring a Technical Dictionary for a foreign language will find this 
the most comprehensive and explicit that has ever been issued.” 

Mechanical Engineer. 
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Internal Combustion Engines 

Hot Bulb Oil Engines and Suitable Vessels. Walter 
Pollock, M.I.N.A., M.I.Mech.E., M.I.M. Demy 8vo. 
Fully Illustrated. 42 /- net. 

Contents. — Scope of Book. Introductory Remarks. Comparison for Power. 
Demand for Engines. Owner’s Requirements. Makes of Engines. Design 
of Engine. Materials. Workmanship. Hot Bulbs. Fuel Pumps. Oil v. Coal. 
Advantages, Disadvantages. Supply of Oil Fuels. Designs of Vessels, 
Coefficients of Fineness. Notes on Working. Stopping the Engine. Attention 
while Running. Manojuvring and Running I.ight. Maintenance and Over- 
hauling. Engineers’ Log. Tools. Spares for Engines. Superintendence. 
Notes on Installing. Classification. Lloyd’s Scantlings. Port Authorities. 
Passenger Certificates. Auxiliary Machinery. 

Tht Internal Combustion Engine. Being a Text-Book 
on Gas, Oil, and Petrol Engines, for the use of Students and 
Engineers. H. E. Wimperis, M.A., M.I.E.E. 3rd Edition 
Revised and Enlarged. Demy 8vo. 8/6 net. 

Contents. — Preface. List of Symbols. Tables of Constants. Molecular 
Weights of Gases. Elementary. Thermodynamic Cycles, Combustion and 
Explosion. Thermodynamics. The Gas Engine. The Gas Producer. Blast- 
Furnace and Coke-Oven Gases. Oil and Petrol Engines. Petrol Engine 
Efficiency and Rating. Problems and Solutions. Index. 

A Primer oj the Internal Combustion Engine, a Text- 

Book for First and Second Year Students. H. E. Wimperis, 
M.A., M.I.E.E., etc. Crown 8vo. 3rd Imp. 4/- net. 

Contents. — List of Symbols. Useful Constants. Introductory. Theory of 
Heat. Behaviour of Gases and Vapours. The Ideal Engine. The Real 
Engine. Fuels and Gas Producers. Engine Details. Engine Tests. Biblio- 
graphy. Examples and Answers. Index. 

Governors and the Governing oj Prime Movers. 

Trinks. (See p. 16.) 

Diesel Engine Design, h. f. p. Purday. Demy 8vo. 
271 Illustrations. 21/- net. 

Contents. — First Principles. Thermal Efficiency. Exhaust, Suction and 
Scavenge. The Principle of Similitude. Crank. Shafts. Fly-Wheels. 
Framework. Cylinders and Covers. Running Gear. Fuel Oil System. Air 
and Exhaust System. Compressed Air System. Valve Gear. Index. 

The Diesel Engine for Land and Marine Purposes. 

4th Edn. Revised and brought up to date. A. P, Chalkley, 
B.Sc., A.M.Inst.G.E., A.I.E.E. Demy 8vo. 12/6 net. 
Contents. — Introduction. General Theory of Heat Engines, with Special 
Reference to Diesel Engines. Action and Working of the Diesel Engine. 
Construction of the Diesel Engine. Installing and Running Diesel Engines. 
Testing Diesel Engines. Diesel Engines for Marine Work. Construction of the 
Diesel Marine Engine. The Future of the Diesel Engine. Appendix. Index, 
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High Power Gas Ezines. H. Dubbel. Translated, edited 
and expanded to include British Engines and Practice, by 
F. Weinreb. 197+xii pages. 436 Illustrations. i8/~ net. 
Contents. — Author's Preface. Translator’s Preface. The Cycle of the Gas 
Engine. Output and Cylinder Dimensions. The Governing of the Four- 
Cycle Engines. Valve Gear of Four-Cycle Engines. The Two-Cycle Engine. 
Valve Gears. Ignition. The Cylinders. Valves and their Cooling. Pistons 
and their Cooling. Stuffing Boxes. General Design of Principal Parts. 
Calculation of the Flywheel Weight. Starting. Piping. 

The Gets TuThtUB ^ Norman Davey. 248-t-xiv pages. 100 
Illustrations. Demy 8vo. 15/- net. 

The Gas Engine, w. J. Marshall, a.m.i and 
Captain H. Riall Sankey, late R.E., M.I.M.E., etc. Extra 
Crown 8vo. 12/6 net. 

Contents.— Theory of the Gas Engine. The Otto Cycle. The Two-Stroke 
Cycle. WaterCooling of Gas Engine Parts. Ignition. Operating Gas Engines. 
Arrangement of a Gas Engine Installation. The Testing of Gas Engines. 
Governing. Gas and Gas Producers. 

The Energy^Diagram for Gas. f. w. Burstaii, M.A., 

Chance Professor of Mechanical Engineering in the University 
of Birmingham. With Descriptive Text. 5/- net. The 
Diagram sold separately, 2/- net. 

American Gas-Engineering Practice, m. Nisbet-Latta, 

Member American Gas Institute, M.Am.Soc.M.E. 142 Illus- 
trations. Demy 8vo. 18/- net. 

Gas Engine Design. Charles Edward Lucke, Ph.D., 

Mechanical Engineering Department, Columbia University, 
New York City. Demy 8vo. 12/6 net. 

Gas Engine Construction. By Henry v. A. Parseii, 
Jr., M.A.I.E.E., and Arthur J. Weed, M.E. 2nd Edn. 

Demy 8vo. 

Gas, Gasoline, and Oil Engines. Gardner d. hiscox, 

M.E., Author of Mechanical Movements,*' “ Compressed 
Air," etc. 22nd Edn, largely rewritten and brought up to 
date, by Victor W. Page, M.E. Demy 8vo. 18/- net. 

A complete practical work defining the elements of internal combustion, 
engineering, treating exhaustively on the design, construction and practical 
application of all forms of gas, gasoline, kerosene and crude petroleum oil 
engines, describing auxiliary systems, the theory and management of ex- 
plosive motors for stationary and marine work, automobiles, aeroplanes and 
motor cycles, also producer gas and its production. 

British Progress in Gas Works Plant and Machinery. 

C. E. Brackenbury, C.E., Author of “ Modern Methods of 
Saving Labour in Gas Works." Super-Royal 8vo. 6/- net. 
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Steam Engines, Boilers, etc. 

Governors and the Governing of Prime Movers. 

Trinks. 22/6 net. 

A Manual of the High-Speed Steam Engine, h. Keay 

Pratt, A.M.I.Mech.E. Demy 8vo. 6/- net. 

Contents. — I. History and General Remarks. II. Steam Cylinders and 
Adjuncts. III. Valves. IV. Pistons. V. Connecting-rods, Piston-rods, 
Crank-shafts, etc. VI. Baseplates, Flywheels, etc. VII. Governors. VIII. 
Cast-iron and other Details. IX. Indicator-Cards and Effort Diagrams. 
X. Testing. XI. Foundations, Pipe Connections, etc. XII. Practical Notes 
on the Working of High-Speed Engines. XIII. A Description of Various 
Engines. Index. 

The Modern Steam Engine. Theory, Design, Construction, 
Use. John Richardson, M.Inst.G.E. With 300 Illustrations. 
Demy 8vo. 7/6 net. 

Boiler Explosions, Collapses and Mishaps, e. j. 

Rimmer, B.Sc., etc. Demy 8vo. 4/6 net. 

The Steam Engine and Turbine. Robert c. h. Heck, 

M.E. Demy 8vo. 27/6 net. 

Test Methods for Steam Power Plants, a reference 

book for the use of Power Station Engineers, Superintendents, 
and Chemists. E. H. Tenney, B.A., M.E. Ex Crown 8vo. 
85 Illustrations. 24/- net. 

Contents. — Purchase and Testing of Coal. Investigation of the Economy 
of Combustion. Treating and Testing Water for Boiler-feed Purposes. 
Evaporating Tests. Testing Prime Movers. Power Plant Lubricants. 

Engine Tests and Boiler Efficiencies, j. Buchetti. 

Translated and Edited from the 3rd Edition by Alexander 
Russell, M.I.E.E., etc. Demy 8vo. 10/6 net. 

Boiler Draught. H. Keay Pratt, A.M.I.M.E. Crown 8vo. 
4/6 net. 

Contents. — Draught. Calculations relating to Air. Chimneys. Construc- 
tion. Artificial Draught. Forced Draught Induced Draught. A com- 
parison. The Application of Mechanicai Draught for Land Installations. 
The Application of Mechanical Draught in Marine Practice. The Chemistry 
of Combustion. Index. 

Practical Design of Marine Single and Double-Ended 

Boilers, including Uptakes, etc. John Gray, Member 
of North-East Coast Inst, of Engineers and Shipbuilders. Con- 
tains New Board of Trade and Lloyd's rules relating to Marine 
Boilers. 2nd Edition Revised and Enlarged. Demy 8vo. 12 /6 net. 
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Steam Boilers : Their History and Development. 

H. H. Powles, M.I.M.E., etc. Imperial 8vo. 25/- net. 

Steam Pipes : Their Design and Construction. 

W. H. Booth, Author of “ Liquid Fuel/' etc. 

New Edition in Preparation. 

The New Steutu Tobies » Calculated from Professor Callen- 
dar's Researches. Professor C. A. M. Smith, M.Sc., and 
A. G. Warren, S.Sc. 4/6 net. 

Experimental Researches on the Flow oj Steam 

through Nozzles and Orifices. To which is added a note 
on the Flow of Hot Water. A. Rateau. Crown 8vo. 5/- /let. 


Fuel and its Combustion 

Fuely Water and Gas Analysis for Steam Users. 
John B. G. Kershaw, F.I.C. Demy 8vo. 2nd Edn., revised 
and enlarged. 12/6 net. 

Contents. — Origin of Natural Fuels. Physical and Chemical Character- 
istics of Wood, Peat, Lignite, Bituminous Coal, Semi-Anthracite, Anthracite, 
and Coke. Liquid Fuels. Briquette Fuels. Sampling and the Preliminary 
Test for Moisture. Apparatus and Methods used for the Approximate 
Analysis of Fuels. Special Tests for Sulphur. Apparatus and Methods used 
for the Calorific Valuation of Solid Fuels. The Practical Application of the 
Test Results. F^orms of Fuel Contract Based upon the Test Results. Sources 
of Feed-water Supply. Physical and Chemical Characteristics of Well, River, 
Surface, and Rain Water. Collecting Samples. Apparatus and Methods 
used for the Approximate Analysis of Feed-waters. Special Tests for Oil. 
The Practical Applications of the Test Results. The Use of Softening Appar- 
atus and Reagents, and the Tests necessary for obtaining the Best Results. 
Chemical and Physical Characteristics of the Waste Gases from Various Fuels. 
Collecting Gas Samples. Apparatus and Methods used for the Approximate 
Analysis of the Waste Gases. The Applications and Use of Continuous and 
Recording Gas-testing Apparatus. The Practical Applications of the Gas 
Test Results. Rules for Sampling Fuel. Typical Tests of English and South 
Wales Coals. Goutal’s Formula for Calculating the Calorific Value from the 
Results of the Approximate Analysis. The Use of F uels of Low Calorific Value 
for Steam-raising Purposes. Tests of Natural and Feed Waters from Various 
Sources. Typical Tests of Exit Gases. 

Powdered Coal as a Fuel. C. F. Herlngton. Medium 

8vo. 84 Illustrations. New Edition. 30/- net. 

Contents. — Introductory. Coals Suitable for Powdering. Preparation of 
Powdered Coal. Feeding and Burning. Use in the Cement Industry. Rever- 
beratory Furnaces. In Metallurgical Furnaces. Under Boilers. For Loco- 
motives. Explosions. 

Oil Fuel Equipment for Locomotives. Alfred H. 

Gibbings, A.M.Inst.G.E. Demy 8vo. Tables. 8/6 net. 
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An Introduction to the Study of Fuel, a Text-Book 

for those entering the Engineering, Chemical and Technical 
Industries. F. J. Brislee, D.Sc. Demy 8vo. 2nd Edn. 
9/6 net. ((Outlines of Industrial Chemistry.) 

Contents. — General Chemical Principles. Weight and Volume of Air 
required for Combustion. Analysis of Fuel and Flue Gases. Calorimetry and 
Determination of the Heating Value of a Fuel. Measurement of High Tempera- 
tures. Pyrometry. Calculations of Combustion Temperatures. Natural 
Solid Fuels. Artificial Solid Fuels. Gaseous Fuel. The Manufacture of 
Producer Gas and Water Gas. Theory of the Producer Gas and Water Gas 
Reactions. Explosion and the Explosion Engine. Air Supply and Measure- 
ment of Draught. Furnace Efficiency and Fuel Economy. Heat Balances, 
Furnace and Boiler Tests. Liquid Fuels. 

Liquid Fuel and its Combustion, w.h. Booth, f.g.s., 
M.Am.Soc.G.E., Author of “Water Softening and Treat- 
fnent,'* “Steam Pipes: Their Design and Construction.'* With 
Illustrations and Diagrams. Imperial 8vo. 24/- net. 

Liquid Fuel and its Apparatus, william H. Booth, 
F.G.S., M.Am.Soc.G.E., Author of “ Liquid Fuel and its 
Combustion,” etc. Demy 8vo. New Edition. 9/- net. 

Part I. Theory and Principles. Part II. Practice. 
Part III. Tables and Data. 

Loio Grade and Waste Fuels for Power Generation. 

J. B. G. Kershaw, F.I.G. Demy 8vo. Illustrated. 17/- net. 
Contents. — Part I. Fuels : Introduction. Peat. Lignite, Bagasse and 
Wood Waste, Coke and Coke-Breeze. Culm and XVashery, Waste. 
Towns’ Refuse and Garbage. Pitch. Waste Gases. — Part 11. Scientific 
Control : Fuel SampUng and Testing. Calorimetric Tests. Boilers and 
Furnaces. Automatic CO a Apparatus. Index. 

Liquid and Gaseous Fuels and the Part they Play 

in Modern Power Production, vivian b. Lewes, 
F.I.G., F.G.S., late Professor of Chemistry, Royal Naval 
College, Greenwich. 2nd Edition Revised and Enlarged. 
Edited by J, B. G. Kershaw, F.I.G. Ex. Crown 8vo. 

Co(XL James Tonge,M.I.M.E.,F.G.S.,etc. Lecturer on Mining 
at Victoria University, Manchester. Ex. Crown 8vo, 7/6 net. 

Domestic Fuel Consumption, a. h. Barker, B.A., 

B.Sc., Author of “ The Theory and Practice of Heating and 
Ventilation,” etc. Demy 8vo. 180 pp. 14/- net. 

Written so as to be readily comprehensible by any person without scientific 
tiaining, this book will be read with interest and profit by all who, whether 
for private or public purposes, are desirous of checking the present lavish 
waste of our fuel resources. 

Oil Firing for Kitchen Ranges and Steam Boilers. 

E. C. Bowden-Smith, M.l.Mech.E. Demy 8vo. 9/- net. 
A concise and practical account of the methods of employing heavy 
residues and fuel oil in a kitchen range for culinary purposes, and also for 
steam boilers. 
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Machinery, Power Plants, etc. 

Theory and Practice of Mechanics, s. e. siocum. 
B.E., Ph.D. Demy 8vo. 442-t-xlii pages. Illustrated with 
diagrams, etc. 15/- net. 

Dynamometers. Rev. Frederick John Jervis-Smith, M.A., 
F.R.S. Edited and amplified by Charles Vernon Boys, 
F.R.S. ITS Illustrations. Demy 8vo. 14/- net. 

Contents. — Introduction. Friction. Planimeters. Friction Brakes. Water 
Brakes. Air Brake. Magnetic Brake Dynamometer. F.nd Thrust Brakes. 
Historical. Transmission. Dynamometers. Torsion Power Measuring 
Macliines. Torsion Power-Measuring Machines by diflerent Inventors. The 
Cradle Dynamometer. Dynamometric Tests of Motor-Car Engines. Model 
Ship Dynamometers used in Aeronautics. 

A Handbook of Testing. C. a. Middleton Smith, B.Sc., 
A.M.I.M.E., A.M.I.E.E, Professor of Engineering in the 
University of Hong Kong, late of East London College ; 
Author of ^'Lectures on Suction Gas Plants,*' etc. I. Materials. 
2nd Edn. 14 /- net. 

II. Prime Movers. In Preparation. 

Mechanical Movements, Powers, Devices and 

Appliances. Gardner D. Hiscox, M.E., Author of “ Gas, 
Gasoline, and Oil Engines,*' etc. Over 400 pages. 1646 
Illustrations and Descriptive Text. Demy 8vo. 18/- net. 

MechcLUiccd AppllCLtlCCS. Supplementary Volume to Me- 
chanical Movements. Gardner D. Hiscox, M.E. 400 pages. 
About 1000 Illustrations. Demy 8vo. 18/- net. 

Mechanical Technology, g. f. Charnock, M.inst.c.E., 
M.Inst.M.E. Demy 8vo. 650 pages. 12/6 net. 

This work, designed chiefly for engineering students, deals in a comprehensive 
manner with the preparation and properties of the raw material, the pro- 
duction of castings by taking advantage of the property of fusibility, and the 
production of bars, plates, forgings, etc., by utilising the properties of malle- 
ability and ductility. It is perhaps the most complete manual on the subject 
in any language. 

The Elements of Mechanics of Materials, a Text-Book 
for Students in Engineering Courses. C. E. Houghton, A.B., 
M.M.E. Demy 8vo. io/6 net. 
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Precision Grinding, a Practical Book on the Use of Grinding 
Machinery for Machine Mon. H. Darbyshire. Pages viii 4-162. 
Demy 8vo. 6/6 net. 


Forging of Iron and Steel, a Text-Book for the use of 

Students in Colleges, Secondary Schools and the Workshop. 
W. Allyn Richards. Demy 8vo. 337 Illustrations. Price 
7/6 net. 

Contents. — Historic Use of Iron and Steel. Iron and Steel. Equipment. 
Fuel and Fires. Drawing Down and Upsetting. Bending and Twisting. 
Splitting, Punching, and Riveting. The Uses of Blacksmiths’ Tools. Welding. 
Electric, Autogenous and Thermit Welding. Brazing. Tool Steel. High 
Spee/i Tool Steel. Art Ironwork. Steam and Power Hammers. Calculations. 
Appendix. Index. 


Water Softening and Treatment : Condensing 
Planty Feed Pumps and Heaters for Steam 

Users and Manufacturers, w. H. Booth, f.g.s., 
M.Am.Soc.G.E. 2nd Edn. With Tables and many Illus- 
trations. Demy 8vo. 9/6 net. 


Dock and Lock Machinery . WiiHam Hunter, M.inst.c.E. 

Demy 8vo. Illustrated. 

Dies : Their Construction and Use for the Modem 

Working of Sheet Metals. Joseph V. Woodworth. 

384 pages. Demy 8vo. 31/6 net. 


Governors and the Governing of Prime Movers. 

W. Trinks, M.E. Demy 8vo. 22/6 net. 


Shop Ktnks. A book for Engineers and Machinists, showing 
Special Ways of doing Better, Cheap, and Rapid Work. 
Robert Grimshaw. 4th Edn. With 222 Illustrations. 
Demy 8vo. 24/- net. 


Cams, and the Principles of their Construction. 

George Jepson, Instructor in Mechanical Drawing in the 
Massachusetts Normal School. Demy 8vo. 12/- net. 
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The Economic and Commercial Theory of Heat 

Power-Plants. Robert H. Smith, A.M.Inst.C.E., 
M.I.M.E., M.I.E.E., etc. Prof. Em. of Engineering and 
Mem. Ord. Meiji. Numerous Diagrams. Royal 8vo. 24/- net. 

Entropy : Or, Thermodynamics from an Engineers 
Standpoint, and the Reversibility of Thermo- 
dynamics. James Swinburne, M.Inst.C.E., M.I.E.E., 

etc. Illustrated with Diagrams. Crown 8vo. 5/- net. 

Compressed Air : Its Production, Uses and Applica- 
tions. Gardner D. Hiscox, M.E., Author of " Mechanical 
Movements Powers, Devices,*' etc. 5th Edn. Revised and 
Enlarged. 665 pages. 540 Illustrations and 44 Air Tables. 
Demy 8vo. 25 /- net. 

Natural Sources of Power. Robert s. Bail, B.Sc., 
A.M.Inst.C.E. With 104 Diagrams and Illustrations. Ex. 
Crown 8vo. 7/6 net. 


Pumps 

The Efficiency of Pumps and Ejectors, e. c. Bowden- 

Smith, M.I.Mech.E., etc. Late Egyptian Civil Service. 
Demy 8vo. Illustrated. 14/6 net. 

Centrifugal Pumps. Louis C. Loewenstein, E.E.,Ph.D., 
and Clarence P. Crissey, M.E. 320 Illustrations. 26/- net. 
Contents. — ^Theory of Centrifugal Pumps. Consumption of Power and 
Efficiency. The Calculation of Impeller and Guide Vanes. Design of 
Important Pump Parts. Types of Centrifugal Pumps. Testing of Centrifugal 
Pumps. 


Iron, Steel, and other Metals 

An Introduction to the Study of Physical Metal- 
lurgy. Walter Rosenhain, B.A., D.Sc., F.R.S., Superin- 
tendent, Metallurgy Department of the National Physical 
Laboratory. With 32 Plates and 131 Illustrations in the Text. 
Demy 8vo. 12/6 net. (See p. 49.) 

B 
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The Basic Open-Hearth Steel Process. Cari Dich- 

mann. Translated and Edited by AUeyne Reynolds. 2nd 
Imp. DemySvo. Numerous Tables and Formulae. 12/6 net. 

IfOn and Steel. An introductory Text-Book for Engineers 
and Metallurgists. (Outlines of Industrial Chemistry.) O. F. 
Hudson, M.Sc., A.R.G.S., Lecturer on Metallography, 
Birmingham University, with a Section on Corrosion by Guy 
D. Bengough, M.A., D.Sc., Lecturer in Metallurgy, Liverpool 
University ; Investigator to the Corrosion Committee of the 
Institute of Metals. Demy 8vo. 8/~ net. 

Forging of Iron and Steel, w. Aiiyn Richards. Demy 8vo. 
337 Illustrations. 7 /6 net. 

Contents. — Historic Use of Iron and Steel. Iron and Steel. Equipment. 
Fuel and Fires. Drawing Down and Upsetting. Bending and Twisting. 
Splitting, Punching and Riveting. The Uses of Blacksmiths’ Tools. Welding. 
Electric, Autogenous and Thermit Welding. Brazing. Tool Steel. High 
Speed Tool Steel. Art Ironwork. Steam and Power Hammers. Calculations. 
Appendix. Index. 

Electro-Thermal Methods of Iron and Steel Con- 
struction. J. B. C. Kershaw, F.I.C. With an Introduction 
by Dr, J. A. Fleming, F.R.S. 239-l-xxiii pages. 50 Tables 
and 92 Diagrams and Photographs. Demy 8vo. 9/- net. 

Malleable Cast Iron. S. Jones Parsons, M.E. New 

Edn. 14/- net. 

Contents. — Melting. Moulding. Annealing. Cleaning and Straightening. 
Design. Patterns. Inspection and Testing. Supplementary Processes. 
Application. 

General Foundry Practice. Being a Treatise on General 
Iron Founding, Job Loam Practice, Moulding and Casting 
of Finer Metals, Practical Metallurgy in the Foundry, etc. 
William Roxburgh, M.R.S.A. With over 160 Figures and 
Illustrations. Extra Crown 8vo. 8/6 net. 

Hardening, Tempering, Annealing and Forging of 

Steel. A Treatise on the Practical Treatment and Working 
of High and Low Grade Steel. Joseph V. Woodworth, 
With 201 Illustrations. Demy 8vo. 5th Edition. 2i/~ net. 

Welding and Cutting of Metals by the aid of Gases 
or Electricity. Dr. l. a. Groth. Ex. Crown 8vo. 8/6 net. 

The Precious Metals : Comprising Gold, Silver, and 
Platinum. Thomas K, Rose, D.Sc, Ex. Crown 8vo. 
7/6 net. 
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Motor-Cars and Engines 

Text-Book of Motor-Car Engineering, a. Graham 
Clarke, M.I.A.E., A.M.I.M.E. 

Vol. I. Construction. Demy 8vo. 15/- net. 

Contents. — ^'The General Principles and Construction of the Petrol Engine. 
Details of Engine Construction. Petrol. Fuels other than Petrol. Carbu- 
retters and Carburation. Thermodynamics of the Petrol Engine. Horse- 
power. Mechanical (Thermal and Combustion Efficiencies). The Principles 
and Construction of Coil and Accumulator Ignition. Magneto Ignition. 
Engine Control Systems. Engine Cooling Systems. Crank Effort Diagrams, 
Clutches and Brakes. Change-Speed Gears. Transmission Gear. Steering 
Gears. Lubricants. Lubrication. Ball and Roller Bearings. Chassis 
Construction. General Principles of the Steam Car. Steam Engines and 
Condensers. Steam Generators and Pipe Diagrams. The Electric Car. 
Materials used in Motor-Car Construction. Syllabus of City and Guil&s of 
London Institute in Motor-Car Engineering. Examination Papers. Physical 
Properties of Petrols. Mathematical Tables and Constants. 

Vol. II. Design. 16/-- net. 

Contents. — Introduction. Materials of Construction. General Considera- 
tions in Engine Design. Power Requirements. Determination of Engine 
Dimensions. Cylinders and Valves. Valve Gears. Pistons, Gudgeons, and 
Connecting Rods. Crank-shafts and Fly-wheels. The Balancing of Engines. 
Crank-cases and Gear-boxes. Engine. Lubrication and Cooling Arrange- 
ments. Inlet, Exhaust and Fuel Piping. Clutches and Brakes. Gearing. 
Transmission Gear. Frames, Axles and Springs. Torque and Radius Rods. 
Steering Gears. 

Henslozve’s Motor Dictionary. Compiled by Leonard 
P. Henslowe. English-French, French-English. Tables^of 
British and Metric Units of Measurement. 


Aeronautics 

Airscrews, a. Fage, a.r.c.Sc., d.i.c., etc. Aerodynamics 
Department, The National Physical Laboratory. Cr. 4to. 
Fully illustrated. 34 /- net. 

A Primer of Air Navigation, h. e. Wimperis, m.a. 

Authpr of The Internal Combustion Engine.'" Cr. 8vo. 
Fully Illustrated. 8/6 net. 

The Resistance of the Air and Aviation. Experiments 

conducted at the Champ-de-Mars Laboratory, by G. Eiffel • 
2nd Edn. Revised and Enlarged. Translated by Jerome G, 
Hunsaker, Assistant Naval Constructor United States Navy. 
Over 130 Illustrations and Diagrams. Royal 4to. 42/- net. 

Dynamics of Mechanical Flight, sir George Greenhiii, 

late Professor of Mathematics in the R.M.A., Woolwich. 
Demy 8vo. 6/- net. 
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Aircraft in Warfare ; The Dawn of the Fourth 

Arm. F. W. Lanchester, M.Inst.C.E., M.Inst.A.E., 

Member Advisory Committee for Aeronautics. With Intro- 
ductory Preface by Maj.-Gen. Sir David Henderson, 
K.C.B. Medium 8vo. 12/6 net. 

Aerial Flight. F. W. Lanchester. 

Vol. 1 . Aerodynamics. Demy 8vo. 21/- net. 4th Edn. 
Revised. 460 pages. 160 Illustrations. 

Contents. — Fluid Resistance and Its Associated Phenomena. Viscosity 
and Skin Friction. The Hydronamics of Analytical Theory. Wing Form and 
Motion in the Periptery. The Aeroplane. The Normal Plane. The Inclined 
Aeroplane. The Economics of Flight. The Aerofoil. On Propulsion, the Screw 
Propeller, and the Power Expended in Flight. Experimental Aerodynamics, 

Vol. II. Aerodonetics. Demy 8vo. 2i/~net. 2nd Edition. 
Revised. 450 pages. 208 Illustrations. 

Contents. — Free Flight, General Principles and Phenomena. The Phugoid 
Theory. The Equations of the Flight Path. The Flight Path Plotted. 
Elementary Deductions from the Phugoid Theory. Stability of the Flight Path 
as affected by Resistance and Moment of Inertia. Experimental Evidence 
and Verification of the Phugoid Theory. Lateral and Directional Stability. 
General Conclusions. Soaring. Experimental Aerodonetics. Appendices on 
the Theory and Application of the Gyroscope. The Flight of Projectiles, etc. 

The Flying Machine from an Engineering Point 

of View. Together with a Discussion concerning the Theory 
of Sustentation and Expenditure of Power in Flight. F. W. 
Lanchester, M.Inst.C.E. Demy 8vo. 5/-* net. 

Stability and Equilibrium of Floating Bodies. 

Bernard G. Laws, B.Sc., A.R.G.Sc., A. M.Inst.C.E., 

M.I.N.A. 130 Illustrations. Demy 8vo. 10/6 net. 

Marine Engineering. 

The Gyroscopic Compass. (“ The Engineer " Library.) T. W. 
Chalmers, B.Sc., etc. DemySvo. Fully illustrated. ii/-net. 

The Design of Marine Engines and Auxiliaries. 

no Illustrations and Folding Plans. Edward M. Bragg, S.B. 
Medium 8vo. 12/6 net. 

Contents. — Determination of Cylinder Dimensions. Design of Engine Parts. 
Engine Balancing. Condensers and Air Pumps. Turning Engines and 
Reversing Engines. 

Hot Bulb Oil Engines and Suitable Vessels, Walter 

Pollock. Demy 8vo. 42/*- net. (See p. 10.) 

Stability and Equilibrium of Floating Bodies. Bernard 
C. Laws, B.Sc., A.R.G.Sc., A.M.Inst.C.E,, M.I.N.A. 

130 Illustrations. Demy 8vo. 10/6 net. 

Contents. — General Considerations. Ships. Amsler’s Integrator. Sub» 
marines. Floating Docks. Aircraft. Caissons. Index, 
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Practical Design of Marine Single and Double-Ended 
Boilers. John Gray (See p. 12.) 

Ship Form, Resistance, and Screw Propulsion. 

G. S. Baker, M. Inst. Naval Architects. Medium 8vo. 2nd 
Edn. Treated from the practical point of view for the use 
of naval architects, engineers, and draughtsmen. i6/- net. 
Contents. — Nomenclature. St6am Line Motion. Skin Friction Resistance. 
Eddy-making. Waves and Wave-making. Ship Model Experiments. 
Dimensions and Form. Curve of Areas. Shape and Fineness of Ends, with 
Parallel Body. Position of Maximum Section, and Relative Length of 
Entrance and Run. Midship Section Area and Shape. Level Lines and Body 
Plan Sections. Racing and other High Speed Vessels. Appendages. Re- 
stricted Water Channels. Screw Propeller Nomenclature and Geometry. 
Theories of the Screw Propeller Nomenclature and Geometry. Theories of 
the Screw Propeller. The Elements of Propulsion. Screw Propellers in Open 
Water. Propeller Blades. Hull Efficiency, Wake and Thrust Deduction. 
Main Engines. Cavitation. Measured Mile Trials. 

The Shipbuilding Industry, Roy W. Kelly and Frederick 
J. Allen. Preface by Charles M. Schwab. Illustrated. 
Crown 8vo. 21 /- net. 

Cold Storage j Heating and Ventilating on Board 

Ship, Sydney F. Walker, R.N. Extra Crown 8 vo. 18/- net . 

The Elements of Graphic Statics and of General 

Graphic Methods. W. L. Cathcart, M.Am.Soc.M.E., 
and J. Irvin Chaffee, A.M. 159 Diagrams. 21/6 net. 

This book is designed for students of marine and mechanical engineering and 
naval architecture. It reviews the principles of graphics and their application 
both to frame structures and to mechanism. 

Handbook for the Care and Operation of Naval 

Machinery, commander H. C. Dinger, United States 
Navy. (See p. 57.) 3rd Edition. 21/- net. 

Turbines Applied to Marine Propulsion. Stanley j. 

Reed, A.M.Inst.G.E. Crown 4to. Over 100 Illustrations 
and Diagrams. 2nd Edn. Revised. 16/-- net. 

Contents. — General Properties of Steam — ^Two-Stage Rateau Turbine 
Nozzles. The General Design and Arrangement of Turbines. The Design and 
Construction of Parsons Turbine. The Design and Construction of Curtis 
Turbine. Combined or Mixed Turbines. Steam Thrust of Reaction Turbines. 
Superheated Steam. Cavitation. Relative Effect of High Vacua with 
Turbines and Reciprocating Engines. Utilisation of Auxiliary Engine 
Exhaust in the Turbines. Astern Turbines. 

Hydraulics and Turbines. 

Ship Form, Resistance, and Screw Propulsion. 

(See above.) 
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Stability and Equilibrium of Floating Bodies. 

Bernard C. Laws, B.Sc., A.R.C.Sc., A.MJnst.C.E., 
M.I.N.A. (See p. 20.) 

Hydraulics and its Applications, a Text-Book for En- 
gineers and Students. A. H. Gibson, D.Sc., M.Inst.C.E. 
2nd Edn, Revised and Enlarged. Demy 8vo. 24/- net. 

** One of the most satisfactory text-books on Hydraulics extant .” — Mechanical 
World. 

Hydraulics, Text-book of. including an Outline of the 
Theory of Turbines. L. M. Hoskins, Professor of Applied 
Mathematics in the Leland Stanford Junior University. 
Numerous Tables. Demy 8vo. 16/- net. 

Hydraulics of Pipe Lines. W. F. Durand, Professor 
of Mechanical Engineering, Leland Stanford University, 
California. Demy 8vo. Illustrated. 

Water Hammer in Hydraulic Pipe Lines. Being a 

Theoretical and Experimental Investigation of the Rise or Fall 
of Pressure in a Pipe Line, caused by the gradual or sudden 
closing or opening of a Valve ; with a Chapter on the Speed 
Regulation of Hydraulic Turbines. A. H. Gibson, D.Sc., 
M.Inst.C.E. 2nd Edn. Crown 8vo. 8/- net. 

Conveyance and Distribution of Water for Water 

Supply. Aqueducts, Pipe Lines and Distributing Systems. 
Edward Wegmann, G.E. A Practical Treatise for Water- 
Works Engineers and Superintendents. Medium 8vo. 367 
Illustrations. 8 Plates. 6G3 pages. 32/6 net. 

Contents. — Part I : Water Consumption and Hydraulic Formulas. Con- 
sumption of Water. Flow of Water in Aqueducts. Flow of Water through 
Orifices and Pipes. Part II : Design and Construction. Wooden Pipes. 
Cast Iron Pipes. Wrought Iron and Steel Pipes. Pipes of Vitrified Stone 
Ware, Cement, and Concrete. Stresses in Water Pipes. Flexible Pipe. 
Joints. Submerged Pipes. Gates and Valves. Hydrants. Intake Pipes and 
Tunnels. Aqueducts. Description of Aqueducts. Service Reservoirs. Stand 
Pipes. Cylindrical Tanks of Wood or Steel. Fire Protection. High Pressure 
Water Systems. Distribution Systems. Part III : Maintenance and Opera- 
tion. Service Pipes and Connections. Cleaning Aqueducts and Water 
Mains. Thawing Frozen Pipes and Hydrants. Leakage from Aqueducts, 
Mains, and Service Pipes. Durability of Wooden and Metal Pipes. Elec- 
trolysis. Tools and Machines for Pipe Work. Detection and Prevention 
of Waste of Water. Pitot Tube Gauging. Water Meters. Recording Instru- 
ments. Appendix I : Standard Specifications of American Water Works 
Association for ” Cast Iron Water Pipe and Special Castings.” Tables of 
Wrought Iron, Steel, and Universal Cast Iron Pipes. Appendix II : Standard 
Specifications of American Water Works Association for Hydrant and Valves. 
Appendix III : Standard Specifications of Association of American Steel 
Manufacturers for ” Structural and Boiler Steel.” Appendix IV : Special 
Fire Protection for Buildings. Appendix V : Fire Steam Tables prepared 
by National Board of Fire Underwriters. Index, 
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Hydraulic Tables for the Flow of Water in Circular 
Pipes under Pressure, Timber Flumes, Open 

Channels and Egg-shaped Conduits. Joseph H. 
Harper, G.E. Crown 8vo. 192 pages. With 22 Charts. 
8/6 net. 

Water Pipe and Sewage Discharge Diagrams. 

T. G. Ekin, M.Inst.C.E., M.I.M.E. (See p. 31.) 
Hydroelectric Developments and Engineering, a Prac- 

tical and Theoretical Treatise on the Development, Design, 
Construction, Equipment and Operation of Hydroelecfric 
Transmission Plants. Frank Kdester. 42/- net. 

Modern Turbine Practice and Water Power Plants. 

With Terms and Symbols used in Hydraulic Power Engineer- 
ing. John Wolf Thurso, Civil and Hydraulic Engineer. 
Royal 8vo. 21/- net. 


Mining. 

Electric Mine Signalling Installations, a Practical 
Treatise on the Fitting-up and Maintenance of Electrical 
Signalling Apparatus in Mines. G. W. Lummis Paterson. 
Crown 8vo. 140 Illustrations. 5/- net. (Sec p. 34.) 


Physics and Chemistry of Mining and Mine Ventila- 
tion. A Practical Handbook. Joseph J. Walsh. Extra 
Crown 8 VO. Second Revised and Enlarged Edition. 

12/6 net. 

Contents. — Matter. Motion, Velocity and Force. Gravitation. Liquids 
and Liquid Pressure. Heat. Gases. The Barometer. Specific Heat. Air 
Analysis. Mine Ventilation. Formulas. Mine Fires. 

Application of Electric Power to Mines and Heavy 

Industries, w. H. Patchell, M.Inst.C.E., M.I.M.E., 
M.Am.l.E.E. Demy 8vo. 12/6 net. 

Contents. — Electricity in Mines. Cables. Coal Cutters and Underground 
Details. Haulage Gears. Rating of Haulages. Winding Engines. Types of 
Electric Winders. Ventilation and Air Compressing. Pumping. Rolling 
Mills. Machine Tools and Cranes, Electric Welding and Furnaces. 



24 


TECHNICAL AND SCIENTIFIC BOOKS 


Railway Engineering. 

Railway Maintenance Engineering, with Notes on Con- 
struction. William H. Sellew, A.S.M.E., Author of 
“ Steel Rails, their History, Properties, Strength and Manu- 
facture,’* Member of the American Railway Engineering Asso- 
ciation. Extra Crown 8vo. 194 Illustrations. 19/- net. 
Contents. — Engineering. Land. Grading. Bridges, Trestles and Culverts, 
Ties. Rails. Other Track Material. Ballast. Maintaining Track and Right 
of Way. Station and Roadway Buildings. Water Stations. Fuel Stations. 
Shops and Engine Houses. Icing Stations. Signals and Interlockers. 

Locomotive Valves and Valve Gears, j. h. Yoder 

and G. B. Wharen. Fully Illustrated. Large 8vo. 14/- net. 
Contents. — Common D Slide Valve. Valve Events. Description of Slide 
Valve and Its Seat. Special Designs of Slide Valves. Balancing the Slide 
Valve. The Piston Valve. Piston Valve for Balanced Compound Loco- 
motives. The Stephenson Valve Gear. Effects of Raising or Lowering the 
Link. The Walschaert Valve Gear. Construction and Development. Descrip- 
tion of Parts. Operating Parts of the Gear. Relative Crank Pin and Piston 
Positions for Different Valve Events at Full Forward Gear. Relative Crank 
Pin and Positions for Different Valve Events at the Running Cut-off Position. 
Distortions of the Walschaert Valve Gear. Layout of Walschaert Gear. 
Baker Locomotive Valve Gear. The Young Locomotive Valve, Valve Gear 
and Reverse Gear. The Gooch Stationary Link. The Allen Valve Gear, 
Effects of Altering the Valve and Its Events. Locomotive Valve Setting, 
Stephenson Gear. Walschaert Gear. Rules for Valve Setting. Baker Loco- 
motive Valve Gear. Summary. The Indicator Diagram and its Application. 
Application of the Diagram. Florse Power of Locomotives. Tractive Force 
of Two-cylinder Compound Locomotives. Tractive Force of Mallet Articulated 
Compound Locomotives. Classification of Locomotives. 

Oil Fuel Equipment for Locomotives. Alfred H. 

Gibbings, A.M.Inst.G.E. Demy 8vo. Tables. 8/6 net. 

Steel Rails : Their History, Properties, Strength 

and Manufacture, with Notes on the Principles of 
Rolling Stock and Track Design. William H. Sellew. 361 
Illustrations. 33 Folding Plates. 576 pages. 52/- net. 
Contents. — Development of the Present Section. Pressure of the Wheel on 
the Rail. Supports of the Rail. Stresses in the -Rail. Strength of the Rail. 
Influence of Detail of Manufacture. Rail Specifications. Appendix. 

Solution of Railroad Problems by the Slide Rule* 

E. R. Cary, M.Am.S.C.E. 43 Diagrams. 4/6 net. 

The Practical Railway Spiral, with short Working 
Formulas and Full Tables of Deflection Angles. Complete 
Notes of Illustrative Examples. L. C. Jordan, B.S. 6/- net. 

The Transition Spiral, a. L. Higgins, A.R.C.S. Crown 

8 VO. Illustrated. About 7/6 net. 
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Single-Phase Electric Railways, e. Austin. Demy4to. 

346 Illustrations. 21/- net. (See p. 33.) 

Reinforced Concrete Railway Structures, j, d. w. 

Ball, A.M.Inst.G.E. Demy 8vo. 9/- net. (Glasgow Text- 
Books of Civil Engineering.) 

Contents. — Preliminary Considerations. Bending Stresses. Shear Stress. 
Floors and Buildings. Foundations and Raits. Retaining Walls. Bridges. 
Arched Bridges. Sleepers. Fence Posts, etc. Summary of Notation. 


The Design of Simple Steel Bridges, p. o. G. Usborne, 
/a/^R.E. 12/6 net. 

Contents. — Definitions. Bending Moments. Moments of Flexure. Moments 
of Resistance. Shear Deflection. Solid Beams and Examples. Struts and 
Ties. Rivets and Joints. Rolling Loads. Bending Moments, Shear Stresses. 
Loads. Plate Girders. Bridge Floors. Railways, Roads. Principles of 
Bridge Design. Plate Girders. Parallel Braced Girders. Braced Girders (2). 
Shop Practice and General Details. 

Reinforced Concrete Bridges. Frederick Rings, m.s.a., 
M.C.I. (See p. 26.) 

Railway Signal Engineering {Mechanical). Leonard 

P. Lewis, of the Caledonian Railway, Glasgow. Illustrated. 
Demy 8vo. 2nd Edition. (Glasgow Text-Books of Civil 
Engineering.) 14/- net. 

Contents. — Introduction. Board of Trade Rules. Classes and Uses of 
Signals. Constructional Details of Signals. Point Connections. Interlocking 
Apparatus, Signal Box Arrangements. Miscellaneous .\pparatus. Signalling 
Schemes. Interlocking Tables, Diagrams, etc. Methods of Working Trains. 
Appendix. 

Railway Terms. Spanish-English, English- Spanish^ 
Dictionary of. Andr^ Garcia. 12/6 net. 

The Railway Locomotive : What it is, and Why it 

is What it is. Vaughan Pendred, M.I.M.E., M.I. and 
S.Inst. Extra Crown 8vo. 7/6 net. 

Earthwork in Railway Engineering, j. w. P. Gardner, 
M.I.G.E. Demy 8vo. 

The Field Engineer. William Findlay Shunk. 2ist Edn. 
Revised and Enlarged. Foolscap 8vo. Leather. 14/- net. 
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Reinforced Concrete and Cement. 

A Treatise on Cement Specifications, including the 

General Use, Purchase, Storage, Inspection and Test Require- 
ments of Portland, Natural, Puzzolan (slag), and Silica 
(sand) Cement, and Methods of Testing and Analysis of Portland 
Cement. Jerome Cochran, B.S., C.E., M.G.E., Author of 
Inspection of Concrete Construction,'' etc. Demy 8vo. 
100 pages. 6/- net. 

Reinforced Concrete Railway Structures, j. d.w. Ball, 

A. M.Inst.G.E. (See p. 25.) 

Reinforced Concrete Bridges. Frederick Rings, M.S.A., 

M.G.I. Over 300 Illustrations and Diagrams. Imperial 8vo. 
21/- net. 

Contents. — List of Symbols. Introductory. Bending Moments, Stresses 
and Strains. Loads on Bridges and External Stresses. Culverts, Coverings, 
TunneU, etc. Beam Bridges. Calculation of Girder Bridges. Examples of 
Girder Bridges. Design of Arched Bridges and Abutments. Theory of the 
Arch, Examples of Arched Bridges. Formulae, Notes, Schedules and other 
useful information. 

Reinforced Concrete Diagrams, j. Williamson. Imperial 

8 VO. 48 pages. 18 Diagrams. 12/- net. 

A Manual of Cement Testing. For the use of Engineers 
and Chemists in Colleges and in the Field. W. A. Richards, 

B. S. in M.E., and H. B. North, D.Sc. 137+x pages. 
54 Diagrams. Demy 8vo. ii/- net. 

Manual of Reinforced Concrete. 3rd Edn. Re-written 

and Enlarged, with the addition of much useful information 
and many New Tables and Diagrams. Charles F. Marsh, 
M.Inst.G.E., M.Am.Soc.E., M.I.Mech.E. and William 
Dunn, F.R.I.B.A. Pocket size. Limp Cloth. 500 pages. 79 
Tables of Data and 191 Diagrams. 14/- net. 

A Concise Treatise on Reinforced Concrete, a Com- 

panion to '' The Reinforced Concrete Manual." Charles 
F. Marsh, M.Inst.G.E., M.Am.Soc.E., M.I.Mech.E. Demy 
8vo. 12/6 net. 

Properties and Design of Reinforced Concrete. 

Instructions, Authorised Methods of Calculation, Experimental 
Results and Reports by the French Government Commissions 
on Reinforced Concrete. Nathaniel Martin, A.G.T.G., 
B.Sc., A.M.Inst.G.E., former Lecturer on Reinforced Concrete 
in the Royal West of Scotland Technical College. 8/- net. 
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Reinforced Concrete Compression Member Diagram. 

A Diagram giving the loading size and reinforcements for 
compression members according to the data and methods of 
Calculation recommended in the Second Report of the Joint 
Committee on Reinforced Concrete. Charles F. Marsh, 
M.Inst.C.E., M.Am.Soc.E., M.I.Mech.E. In Cloth covers, 
mounted on Linen, 5/*- net. Unmounted, 3/6 net. 


Cementy Concrete and Bricks, a. b. Searie. (See p. 43.) 


Civil Engineering, Building Construction, etc. 

Civil Engineers' Pocket Book, a Reference-Book for 
Engineers, Contractors and Students, containing Rules, Data, 
Methods, Formulae and Tables. A. I . Frye , S .B . , M . Am .S .G .E. 
26/- net. 


Some Modern Methods of Ventilation, with special 

reference to Public Buildings : Standards of Ventilation, 
Design of Ducts, Selection of Fans, Washers, and Heaters, 
Specifications, Test Forms, and Specimen Schedules for De- 
signers. Ronald Grierson, A. M.I.Mech.E., A.M.I.E.E. 
DemySvo. 8/6 net. 

Contents. — ^The General Principles of Ventilation. The Apparatus Employed 
Considerations to be observed in the Design of the Air Circuit. Ducts and 
Registers. Fans. Air Washing and Humidifying Plant (Filters). Heaters. 
Ozone. Instruments. Guarantees for Complete Installations. Tests. Motor 
Drives. Suggested Schedules for Designing Complete Installation. Purchase 
Specifications. The Application of Wet Air Filters to the Cooling of Electrical 
Machinery. 


A Treatise on Cement Specifications. Jerome Cochran, 
B.S., C.E., M.C.E. (See p. 26.) 

The Principles of the Application of Power to 

Road Transport. H. E. Wimperis, A.M.Inst.C.E., 
A.M.I.E.E. Illustrated. Crown 8vo. 5/- net. 

The Design of Simple Steel Bridges, p. o. G. Usbome, 

late R.£. (See p. 25.) 
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The Elements of Structural Design. Horace R. Thayer. 

Medium 8vo. 

Vol. I. Elements. i 8/- net. 

Vol. II. Design of Simple Structures. Discusses the 
design of simple structures, such as beams, girders, viaducts, 
trusses, buildings, stand pipes, and elevated tanks. 500 pages. 
16/- net. 

Reinforced Concrete Railway Structures, j. d. w. 

Ball, A.M.Inst.G.E. (See p. 25.) 

Practical Design of Steel-Framed Sheds. Albert s. 

Spencer. Royal 8vo. 12/- net. 

Contents. — ^The Resistance of Steel-Framed Sheds to Wind Forces. The 
Standardisation of Shed Members and Foundations. Sheeted Sheds. 
Standard Sections for Sheds with Open Sides and Gables. Sheeted Roofs. 
Standardising of Shed Members and Foundations for Sheds having Slated 
Roofs and Brick-panelled Walls. Standard Sections for Sheds with Open 
Sides and Gables. Slated Roofs. Standard Stresses and Sections for Roof 
Principals. External Coverings. Gutters, Pipes, Ventilation, Doors, Windows 
and Skylights. 

A Study of the Circular-Arc Bow-Girder, a. h. 

Gibson, D.Sc., A.M.Inst.G.E., M.I.Mech.E., and E. G. 
Ritchie, B.Sc. 10/6 net. 

Masonry Applied to Civil Engineering, a Practical 

Treatise on the Design and Construction of Engineering Works 
in Stone and Heavy Concrete. F. Noel Taylor, M.Inst.G.E., 
Author of A Manual of Civil Engineering Practice." 242 
pages. Demy 8vo. 7/6 net. 

Contents. — Stones used in Constructional Work. General Remarks upon 
Masonry. Retaining Walls and Earth Pressures. Dock, River, Canal and 
Sea Walls. Masonry Dams. Masonry Bridges and Arches. Masonry Towers, 
etc. Monolithic and Block Concrete Construction. Shoring and Under- 
pinning. Index. 

Foundations and Machinery Fixing. Francis h. Davies, 
A.M.I.E.E. 2/6 net. 

Contents. — ^ITie Functions of Foundations, Nature of Soils and Piling. 
Trial Bores. Design of Foundations. Design. The Proportions of Founda- 
tions for Engines, Turbines and Dynamo. Electric Machinery. Materials for 
Foundations. Holding Down Bolts and Anchor Plates. Excavation. Con- 
struction of Foundations. Vibration : Its Causes and Effects. Vibration. 
Methods of Isolating Machinery. The Fixing of Electric Motors. 

Graphical Determination of Earth Slopes^ Retaining 

Walls and Dams. Charles Prellnl, G.E., Author of 
" runnelling.” Demy 8vo. 8/6 net. 
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Rainfall, Reservoirs and Water Supply, sir Alexander 
Binnie, M.Inst.G.E., etc. (See p. 30.) 

Tttnbet . J. E. Baterden, Assoc.M.Inst.C.E. Extra Crown 
8 VO. y 16 net. 

pTtCtUg of QuOfltitieS . Showing a Practical System of Pre- 
paring an Estimate from Bills of Quantities. George 
Stephenson, Author of “ Repairs/' Quantities," etc. Extra 
Crown 8vo. 5/- net. 

Butldlflg Itl London, a Treatise on the Law and Practice 
affecting the Erection and Maintenance of Buildings in the 
Metropolis. Horace Cubitt, A.R.I.B.A., etc. Illustrated, 
with Diagrams. Royal 8vo. 31/6 net. 

Theory and Practice of Designing, a progressive course 
of instruction in various branches of structural design. With 
numerous Illustrations. Henry Adams, M.Inst.G.E., 
M.I.M.E. 7/6 net. 

*' . . . We recommend it heartily, alike as a text-book or a handy work of 

reference .” — Mechanical Engineer. 


Surveying, etc. 

Adjustment of Observations by the Method of Least 

Squares, with Application to Geodetic Work. Professor 
Thomas Wallace Wright, M.A., C.E., and John Fillmore 
Hayford, G.E., Chief of the Computing Staff U.S. Coast and 
Geodetic Survey. With Tables. 2ndEdn. DemySvo. 30/- net. 

Surveying and Field Work. j. Williamson, A.M.inst.c.E. 

Demy 8vo. 9/- net. 

Contents. — Surve3dng. Fundamental Principles. Chain Surveying Instru- 
ments — Chain Surveying. Field Operations — Chain Surveying. Running a 
Survey Line — Chain Surveying. Arrangement of Survey Lines. — Chain 
Surveying. Errors — Chain Surveying. Special Problems. Plotting the Plan. 
Compass and Sextant Surveying. The Theodolite. Traverse Surveying with 
the Theodolite. Plotting a Traverse Survey by Angle and Distance. Plotting 
Traverse Survey by Co-ordinate or Latitude and Departure Method. Tri- 
angulation. Some Survey, Traverse and Triangulation Problems. Levelling. 
Errors in Levelling. Sections, Contours, etc. Setting out Curves, etc. 
Calculation of Areas. Calculation of Earthwork Quantities — Adjustment of 
Instruments. Appendix. Geometric and Trigonometric Formulas. Index. 
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Practical Surveying. For Surveyors’ Assistants and Students. 

* Ernest McCullough, G.E., Member of the American Society 
■ , of Civil Engineers. Extra Crown 8vo. 229 Illustrations. 
12/- net. 

The Transition Spiral, a. L. Higgins, A.R.C.S. Crown 
8vo. Illustrated. About 7/6 net. 

Municipal Engineering. 

The Efficiency oj Pumps and Ejectors, e. c. Bowden- 

Smith, M.I.Mech.E., etc. Late Egyptian Civil Service. 
Demy 8vo. Illustrated. (See p. 17.) 14/6 net. 

Water Purification and Sewage Disposal. Dr. J. Till- 

mans. Director of the Chemical Department of the Municipal 
Institute of Hygiene, Frankfort-on-Maine. Translated by Hugh 
S, Taylor, M.Sc. 144 +xv pages. Demy 8vo. 9/- net. 

Sewage Disposal Work : Design^ Construction and 

Maintenance. Being a Practical Guide to Modern Methods 
of Sewage Purification. Hugh P. Raikes, M.Inst.C.E. 
Demy 8vo. 16/- net. 

The Encychpcedia of Municipal and Sanitary 

Engineering. Edited by W. H. Maxwell, A.M.Inst.C.E., 

Borough and Waterworks Engineer, Tunbridge Wells Corpora- 
tion, etc. In one volume. Cloth. 42/- net. 

Rainfall, Reservoirs and Water Supply, sir Alexander 
Binnie. 9/- net. 

Contents. — Rainfall. Average. Fluctuations. Probable Average. Flow 
from the Ground. Intensity of Floods. Evaporation. Quantity and Rate 
per Head. Quality, Hardness, etc. Impurities. Filtration. Sources of 
Supply. Gravitation Pumping. Rivers and Pumping Works. Drainage 
Areas. Deductions from Rainfall. Compensation. Capacity of Reservoirs. 
Sites of Reservoirs. Puddle Trenches. Concrete Trenches. Base of Embank- 
ment. Reservoir Embankments. Puddle Wall. Formation of Embankment. 
Masonry Dams. Reservoir Outlets. Pipes through Embankment. Culvert 
under Embankment. Flow through Culverts. Valve Pit. Central Stopping. 
Tunnel Outlets. Syphon Outlets. Flood or Bye-channel. Waste Watercourse 
and Waste Weir. Aqueducts. Conduits. Pipes. Service Reservoir. Distri- 
bution. Valves. Meters. House Fittings. Index. 

Conveyance and Distribution of Water for Water 

Supply. Edward Wegmann, C.E. Medium 8vo. 367 
Illustrations. 8 Plates. 26/- net. (See page 22.) 

Refuse Disposal and Power Production, w. F. Good- 
rich. Demy 8vo. 16/- net. 
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Small Dust Destructors for Institutional and Trade 
Refuse. W. F. Goodrich. Demy 8 vo. 4 /- net. 

British Progress in Municipal Engineering, william 

H. Maxwell, A.M.Inst.G.E. Super-Royal 8vo. 6/- net. 

Water Pipe and Sewage Discharge Diagrams, t. c. 

Ekin, M.Inst.G.E., M.I.Mech.E. Folio. 6/- net. 

These diagrams and tables with accompanying descriptive letterpress and 
examples are based on Kutter’s formula with a coefficient of roughness of 
0*0 1 3 and give the discharges in cubic feet per minute of every inch diameter of 
pipe from 3 to 48 inches when running full on inclinations from i to 1 5 per 1000. 

Water : its Purification and Use in the Industries. 

W. W. Ghristie, M.Am.S.M.E., etc. 230 pages. 79 Illustra- 
tions. 12/6. • 

Modern Sanitary Engineering. Gilbert Thomson, M. A., 
M.Inst.G.E. Part I. House Drainage. Demy 8vo. Vol. I. 
2nd Edition. (Glasgow Text-Books of Civil Engineering.) 
16/- net. 

Contents. — Introductory. The Site and Surroundings of the House. The 
General Principles of Drainage Design. Materials for Drains. The Size of 
Drains. The Gradient of Drains. Drain Flushing Traps : Their Principle 
and Efficacy. Traps : Their Number and Position. “ Disconnections." 
Intercepting Traps and Chambers. Inspection Openings and Manholes. Soil, 
Waste and Connecting Pipes. Water Closets. Flushing Cisterns and Pipes. 
Urinals. Baths. Lavatory Basins. Sinks, Tubs, etc. Trap Ventilation. 
Designing a System of Drainage. Buildings of Special class. Test and Testing. 
Sanitary Inspections. Sewage Disposal for Isolated Houses. Index. 

Part II. Sewerage. Demy 8 vo. 18/- net. 

Contents. — General Principles of Design. Evolution of a Scheme. Size of 
Sewers. Quantity of Sewage. Velocity of Flow. Flushing. Excavations. 
Construction of Pipe Sewers. Construction of Built Sewers. Sea Outfall 
Sewers. Sewer Ventilation. Manholes. I>ampholes. Street Gullies. In- 
verted Syphons. Raising Sewage. Storm Overflows. Connection to House 
Drains. Specifications and Schedules for Sewerage Work. Drainage and 
Sewerage of Housing Schemes. Index. * 

Town Planning in Madras, h. v. Lanchester, 

F.R.I.B.A., etc. 12/6 net. 

Contents. — The Etliics of Town Planning. Historical Outlines of Town 
Planning. The Civic Survey. Economic Studies. Tradition and City 
Development. City Life and Flousing. Commerce and Traffic. The Tech- 
nique of City Development. Indian and European Cities. Problems in India. 
The Uses of the Town Planning Act. Madras City. The Improvement of 
Madras City. 


Irrigation and Water Supply. 

Water Purification and Sewage Disposal. Dr. j. 

Tillmans. (See p. 30.) 

Rainfall^ Reservoirs and Water Supply, sir Alexander 
Binnie, M.Inst.G.E. (See p. 30.) 
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Irrigation : Its Principles and Practice as a 

Branch of Engineering, sir Hanbury Brown, 
K.G.M.G., M.Inst.G.E. 2nd Edn. Revised. Demy 8vo. 
i6/“ net. 

Contents. — Irrigation and its Effects. Basin Irrigation. Perennial Irriga- 
tion and Water “ Duty.” Sources of Supply. Dams and Reservoirs. Means 
of Drawing on the Supply. Methods of Construction. Means of Distribution 
Masonry Works on Irrigation Canals. Methods of Distribution of Water. 
Assessment of Rates and Administration. Flood Banks and River Training. 
Agricultural Operations and Reclamation Works. Navigation. Appendices. 
Index. 

Irrigation Works. The "VemonHarcourt” Lectures of 1910. 
Sir Hanbury Brown, K.G.M.G., M.Inst.G.E. Demy 8vo. 
Stiff Paper Cover, i /- net. 

Agriculture and Irrigation. Kinsley D. Doyle. Demy 

8vo. 288 pp. 19/- net. 

Contents. — The Soil. Fertilizers. Irrigation. Wells and Pumping. Dry 
Farming and Economics. Pastures, Natural and Artificial. Notes on Forests, 
Cattle, Pigs and Carobs. Runs and Farms for Sheep and Ostriches. Cereals. 
Apples. Asparagus, Onions and Potatoes. Citrus Orchards. Grapes, 
Walnuts and Pistachio Nuts. Some Special Industries. Some Tropical Fruit. 
Tropical Plantations. Planting and Sowing for Oil. Tropical Agriculture. 

The Practical Design of Irrigation Works, w. G. Biigh, 

M.Inst.G.E. New and Enlarged Edition in Preparation. 

Notes on Irrigation Works, n. f. Mackenzie, Hon. 
M.A., Oxon. ; M.Inst.G.E. ; lately Under-Secretary for 
Irrigation to the Government of India. Demy 8vo. 7/6 net. 


Telegraphy and Telephony. 

Telegraph Engineering. For practising Telegraph Engineers 
and Engineering Students. It presents in a logical manner the 
subject of modern Land and Submarine Telegraphy from an 
Engineering viewpoint E. Hausmann, E.E., Sc.D. Demy 
8vo. 192 Illustrations. 12/6 net. 

The Propagation of Electric Currents in Telephone 

and Telegraph Conductors, j. a. Fleming, M.A., 
D.Sc., F.R.S., Pender Professor of Electrical Engineering in 
the University of London. 3rd Edn. Revised. Demy 8vo. 
21/- net. 

Contents. — Preface. Mathematical Introduction. The Propagation of 
Electro-Magnetic Waves along Wires. The Propagation of Simple Periodic 
Electric Currents in Telephone Cables. Telephony and Telegraphic Cables. 
The Propagation of Currents in Submarine Cables. The Transmission of 
High-Frequency and Very Low-Frequency Currents along Wires. Electrical 
Measurements and Determination of the Constants of Cables. Cable Calcula- 
tions and comparison of Theory with Experiment. Loaded Cables in Practice. 
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Toll Telephone Practice, j. b, Theiss, B.S., ll.b., and 

Guy A. Joy, B.E. With an Introductory Chapter by Frank 
F. Fowle, S.B. 14/- net. 

Contents. — Rural Telephone Equipment Toll Cut-in Stations. Toll 
Positions at a Local Switchboard. Toll Switching Systems. Small Toll 
Switchboards. Multiple-Drop Toll Switchboards. Multiple-Lamp Toll 
Switchboards. Toll Connections to LocalAutomatic Systems, Supervisory 
Equipment and Toll Chief Operator’s Desk. Toll Wire Chief’s Desk. Simplex 
Systems. Composite Systems. Phantom Lines. Test and Morse Boards. 
Small Test Panels. Line Construction. Electrical Reactions in Telephone 
Lines. Cross and Talk Inductive Disturbances. Methods of Testing. Toll 
Line Maintenance. The Telephone Repeater. 

Radio-Telegraphy, c. c. f. Monckton, m.i.e.e. with 

173 Diagrams and Illustrations. Extra Crown 8vo. 7/6 net. 

Radiographic Technique, t. Thorne Baker, F.q.s., 
F.R.P.S., A.I.E.E. Demy 8vo. 208 pp. Illustrated. 15/-. 

Contents. — ^The Scope of X-Ray Work. The Photographic Plate. The 
Storage and Handling of Plates. Intensificr Screens. Fluoroscopic Examina- 
tion. Localisation by Radiography. The Dark Room and its Equipment. 
Intensification and Reduction. The Technique of the Photographic Print. 
Industrial Applications of the X-Rays. Analysis with the X-Rays. Appendix. 

The Telegraphic Transmission oj Photographs. 
T. Thorne Baker, F.C.S., F.R.P.S., A.I.E.E. With 66 
Illustrations and Diagrams. Crown 8vo. 2/6 net. 

Telegraphy, Aeronautics and War. Charles Bright, 

F.R.S.E., M.Inst.G.E., etc., Author of “ Submarine Tele- 
graphs/' Imperial Telegraphic Communication," etc. Demy 
8vo. 16/- net. 


Electrical Engineering. 

Single-Phase Electric Railways, e. Austin. Over 290 
pages. 346 Illustrations. 2i/~ net. 

Contents. — ^The Single-Phase System. The London, Brighton and South 
Coast Railway. The Midland Railway. The Midi Railway. The Blankenese- 
Hamburg-Ohlsdorf Railway, The Dessau-Bitterfeld Railway. The Murnau- 
Oberammergau Railway. The Mi ttenwald Railway. The St. Polton-Mariazell 
Railway. The Martigny-Orsieres Railway. The Valle-Maggia Railway. The 
Rhaetian Railway. The Lotschberg-Simplon Railway. The Rotterdam- 
Scheveningen Railway. The Thamshavn-T.okken Railway. The Rjukan 
Railway. The Swedish State Railways. The Parma Single-Phase Tramways. 
The New York, New Haven and Hartford Railway. The New York, West- 
chester and Boston Railway. The Spokane and Inland Empire Railway. 
The Rock Island and Southern Railway. The Hoosac Tunnel Railway. The 
St. Clair Tunnel Railway. 

Application of Electric Power to Mines and Heavy 

Industries. W. H. Patchell, M.Inst.G.E., M.I.M.E., 
M.Am.I.E.E. (See p, 23.) 
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Overhead Transmission Lines and Distributing 
Circuits : Their Design and Construction. 

A very thorough and much-needed Treatise dealing exhaus- 
tively with this important subject. F. Kapper. Translated by 
P. R, Friedlaender, M.l.E.E. Crown 4to. Fully Illustrated. 
i6/- net. 

Contents. — Conductor Materials. Sag and Tension of the Line. Design 
of the Supporting Structures. Stability of Poles and Masts. The Forces on 
the Foundation Hece. Fixing the Poles in the Ground. Concrete and Cement 
Foundation Work. Pole Construction. Overhead Line Insulators. Attach- 
ment of the Insulators to their Pins. Attachment of the Wire to the Insu- 
lators. Joints and Branch Connections on the Wire. Arrangement of the 
Wires. Earthing. Crossing over Postal Wires, Railways and Roads. Erection 
of Poles and Masts. Erecting the Wire. Rules and hints for the Design and 
Erection of Overhead Lines. Instruments for Surveying and Laying out the 
Route of a Line. Surveying the Route of a Transmission Line. The Most 
"Economical Length of Span. Comparison of the various Supporting Structures 
with Reference to the Minimum Annual Charges. Local Overhead Distribut- 
ing Systems. Agreements with Contractors. Tools and Appliances. Regula- 
tions dealing with the Erection and Operation of Overhead Lines. 

Electric Mine Signalling Installations, a Practical 

Treatise on the Fitting-up and Maintenance of Electrical 
Signalling Apparatus in Mines. G. W. Lummis Paterson. 
Crown 8vo. 140 Illustrations. 5/-- net. 

Contents. — Ringing Keys and Tappers. Electric Mining Bells, Signal Alarms 
and Relays. Electric IMining Indicators or Annunciators. Electric Generators 
for Mine Signal Installations. Primary Batteries for Signal Installations. 
Electric Mining Shaft Signals. Electric Shaft Signal Wiring, Electric Engine 
Plane Signals. Electric Engine Plane Signal Wiring. Appendix. 

Electric Welding and Welding Appliances, h. Carp- 

tnael. Imperial 8 vo. Illustrated. (The Engineer Series.) r8/-net. 
Contents. — Introduction. The Bernardos Carbon Arc Process. Resistance 
Welding. Arc Welding at Steel Barrel Works. The Pontelec Methods and 
Macliines. The Quasi-Arc Process. Resistance Welders of the British Insu- 
lated and Helsby Cables, Ltd, Machines and Apparatus for Arc Welding. 
Resistance Welders of the Electric Welding Co.» Ltd. Some Large American 
“Spot” Welders. Oil Drum Making by Resistance Welding. Resistance 
Welders of the Ai Manufacturing Co., Ltd. The strength cf Electric Welds. 
A large British “ Spot ” Welding Machine. The “ Plastic-Are ” Welding 
System. The “ A.C.” System of Arc Welding. Index, 

Transmission Line Formulas. For Electrical Engineers 
and Engineering Students. H. B Dwight, A.M*Am.I.E.E. 
143 pages. 28 Diagrams. 12/6 net. 

Electric Cooking, Heating, Cleaning, etc. Being a 

Manual of Electricity in the Service of the Home. “ House- 
wife ” (Maud Lancaster). Edited by E. W. Lancaster, 
A.M.Inst.G.E., M.Inst.E.E. Fully Illustrated. 338-{-x 
pages. Demv 8vo. 4/- net. 
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Electric Mechanism. Part I. Single-Phase Commutator 
Motors. F. Greedy, A.C.G.I., A.M.I.E.E., Assoc. 
Am.I.E.E. Demy 8vo. 7/6 net. 

Industrial Electrical Measuring Instruments. Keneim 
Edgcumbe, M.Inst.G.E., M.I.E.E. Demy 8vo, 430 pages. 
260 Illustrations. 16/- net. 2nd Edition, entirely Re-written 
and Enlarged. 

Contents. — Errors and Accuracy. Constructional Details. Measurement 
of Resistances and Insulation, Potentiometers. Standard Methods of 
Current and Pressure Measurement. Moving Iron. Moving Coil. Hot Wire. 
Induction and Dynamometer Ammeters and Voltmeters. Electrostatic 
Voltmeters. Power Measurement. Dynamometer, Induction, Electrostatic 
and Hot-wire Wattmeters. Idle or Reactive Component Meters. Phase or 
Power Factor Meters. Phase Rotation Indicators. Frequency Meters. Fault 
and Leakage Detectors. Synchronising Devices. Pyrometers. Instrument 
Transformers. Graphic or Recording Instruments. Electrical Speed Indica- 
tors. Oscillograph and other Wave Form Indicators. Live Main or Charge 
Indicators. Earth-plate Testing Sets. Rail-bond Testing Sets. Cell-testing 
Voltmeters. Motor-Car Voltmeters and Ammeters. Voltage and Current 
Relays. Measurement of the Starting Current of a Motor. Paralleling. 
Compensated and Crest or Peak Voltmeters. 

Calculation of Electrical Conductors, w. t. Taylor, 

M.Inst.G.E. Imperial 8vo. 32 pages. Diagrams in the Text. 
Chart at the end, 10/6 net. The Chart sold separately, 
2/- net. 


Solenoids, Electromagnets and Electromagnetic 

Windings. Charles Underhill, A.M.A.I.E.E. 346 pages. 

218 Illustrations. Demy 8vo. 2nd Edn. Revised. io/6 net. 


Switches and Switchgear. R. Edler. Translated, Edited 

and Adapted to English and American Practice by Ph. Lau- 
bach, A.M.I.E.E. Fully Illustrated. Demy 8vo. i6/~ net. 

Contents. — General Remarks on the Design of Switchgear. Connecting 
Leads. Cable Sockets. Connections. Copper Bars. Contact Blocks, Bolts. 
Contact Springs and Brushes. Carbon Contacts. Devices to Eliminate 
Sparking at the Main Contacts. Switches and Change-over Switches for Low 
Pressure and Medium Pressure. High Pressure Switches. Fuses. Self-Acting 
Switches (Automatic Switches), Starting and Regulating Resistances. 
Controllers. 


High and Low Tension Switchgear Design, a. g. 

Collis, A.M.I.E.E. Demy 8vo. 94 Illustrations. 12/- net» 
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Foster’s Electrical Engineer’s Pocket Book, a Hand- 

book of Useful Data for Electricians and Electrical Engineers. 
Edited by Horatio A. Foster, M.A.I.E.E., M.A.S.M.E, 
With the Collaboration of Eminent Specialists. 5th Edition, 
completely Revised and Enlarged. Pocket size. Leather bound. 
With thumb index. Over 1600 pages. Illustrated. 36/- 
net. 

The Propagation of Electric Currents in Telephone 

and Telegraph Conductors, j. a. Fleming, m.a., 
D.Sc., F.R.S. 21/- net. (Sec p. 32.) 

Dynamo Laboratory Manual, w. s. Franklin and 
William Esty. 

Vol. I. Direct-Current Studies and Tests. 12/- net. 

Elementary Electricity and Magnetism, w. s. Frank- 

lin and Barry MacNutt. 9/- net. 


The Electrical Conductivity and Ionization Con- 
stants of Organic Compounds. Heyward Scudder, 
B.A., B.S., M.D. Royal 8vo. 568 pages. 17/6 net. 

Electricity : A Text-book of Applied Electricity. 

H. M. Hobart, B.Sc., M.Inst.C.E. With 43 Tables and 
115 Illustrations. Demy 8vo. 6/6 net. 


Advanced Theory of Electricity and Magnetism. 

W. S. Franklin and Barry MacNutt. i6/6 net. 


Elements of Electricity and Magnetism, w. s. Frank- 
lin and Barry Macnutt. 12/- net. 

The Elements of Electrical Engineering, w. s. Franklin. 

Vol. I. Direct and Alternating Current Machines and 
Systems. 28/- net. 

Vol. II. Electric Lighting and Miscellaneous Applica- 
tions OF Electricity, 20/- net. 
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Heavy Electrical Engineering, h. m. Hobart, b.Sc., 

M.Inst.G.E. Illustrated with Diagrams, etc. Demy 8vo. 
i6/~ net. 

Electric Railway Engineering, h. f. Parshaii, M.inst. 
C.E.,etc., and H.M. Hobart, B.Sc., M.Inst.G.E. 476 pages 
and nearly 600 Diagrams and Tables. Imperial 8vo. 42/- net. 

American Electric Central Station Distribution 

Systems. Harry Barnes Gear, A.M.A.I.E.E., and Paul 
Francis Williams, A.M.A.I.E.E. Demy 8vo. 2nd Edn. 
Revised and Enlarged. 18/- net. 

Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Development, 
Design, Construction, Equipment and Operation of Hydro- 
electric Transmission Plants. Frank Kdester. 479 pages. 
500 Illustrations. 45 Tables. Imperial 8vo. 42/- net. 

Steam-Electric Power Plants, a Practical Treatise on 
the Design of Central Light and Power Stations and their 
Economical Construction and Operation. Frank Koester. 
474 Fully Illustrated. Crown 4to. 31/6 net. 

Electric Power and Traction, f. h. Davies, a.m.i.e.e. 

With 66 Illustrations. Extra Crown 8vo. 7/6 net. 

Laboratory and Factory Tests in Electrical 

Engineering . George F . Sever and Fitzhugh Townsend . 
2nd Edn. Thoroughly revised. 282 pages. Demy 8vo. 
10/6 net. 

The Theory of Electric Cables and Networks. 
Alexander Russell, M.A., D.Sc. 2nd Edn. Entirely 
Revised and largely Re-written. 24/- net. 

Testify Electrical Machinery, j. h. Morecroft and 
F. W. Hehre. 15/- net. 

Continuous Current Engineering. AUred Hay, d.Sc., 

M.l.E.E. 2nd Edn. A New and Revised Edition of this 
Popular Text-Book. 30 pages. 183 Illustrations. Demy 8vo. 
9/6 net. 

Contents. — Electrical Units. Electromagnets. Magnetism. Hysteresis. 
Measuring Instruments. Dynamo Construction. Dynamo Used as Motor. 
Construction and Management of Motors. Secondary Cells and Their Uses. 
The Electric Arc. Mercury Vapour Lamps. Incandescent Lamps. Photo- 
metry. Switches. Conductors. Insolation. 
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Direct and Alternating Current Testing. Frederick 

Bedell, Ph.D., Professor of Applied Electricity, Cornell 
University. Assisted by Clarence A. Pierce, Ph.D, 
Enlarged and Revised Edn. Demy 8vo. ii/~ net. 

Internal Wiring of Buildings, h. m. Leaf, m.i.m.e., 

etc. 3rd Edn. Crown 8 vo. 3/6 net. 

Electric Lamps. Maurice Solomon, A.M.I.E.E. 7/6 net. 

Contents. — ^The Principles of Artificial Illumination. The Production of 
Artificial Light. Photometry. Methods of Testing. Carbon-Filament Lamps. 
The Nernst Lamp. Metallic- Filament Lamps. The Electric Arc. The Manu- 
facture and Testing of Arc I.amp Carbons. Arc Lamps. Miscellaneous Lamps. 
Comparison of Lamps of Different Types. 

The Range of Electric Searchlight Projectors. Jean 

Rey, Ingenieur Civil des Mines Laureat de Tlnstitut. Author- 
ised translation by J. H. Johnson, M.lnst.E.E., Assoc. 
A.I.E.E. 34 Illustrations and Diagrams. 12/6 net. 

Contents. — Part I : Illumination by Electric Searchlight Projectors. 
Determination of the Luminous Flux Emitted by an Electric Arc. Theo- 
retical Illumination obtained with a Specified Reflector. Efficiency of 
Electric Searchlight Projectors. Practical Value of the Illumination from 
Searchlight Projectors. Searchlights with Mangin Mirrors. Part II: Range of 
Electric Searchlight Projectors. General Remarks. General Law giving the 
Value of the Range apart from the Visual Sharpness. Practical Application 
of the Law of Ranges, apart from the Visual Acuity. Practical Examples and 
Problems in respect of the Range. The Variation in the Range with the Size 
of the Searchlight and the Atmospheric Transparency. Visual Acuity of 
Sharpness. Appendices and Index. 

Searchlights : Their Theory, Construction and 

Application, f. Nerz. Translated from the German by 
Charles Rodgers. Royal 8vo. 7/6 net. 

Essentials of Electrical Engineering. John Fay Wii- 

son. Royal 8vo. 282 Illustrations. 16/- net. 

Contents. — ^The Electric Circuit. Magnetism and Magnetic Induction. 
Practical Construction of the Dynamo. The Continuous Current Generator. 
The Continuous Current Motor. Losses, Efficiencies and Ratings of Con- 
tinuous Current Dynamos. Polyphase Alternating Currents. The Alternating 
Current Generator. The Synchronous Motor. Current Rectifying Apparatus. 
The Transformer. Transformer Connections. The Induction Motor. Single- 
phase Commutating Motors. Electric Lamps. Circuit Interrupting Appar- 
atus. Meters. Power Transmission and Distribution. The Storage Battery. 
Harmonic Quantities. Inductance. Capacity. The Complex Quantity. Ad- 
mittance, Conductance and Susceptance. Resuscitation from Electric Shock. 

Electric Wiremen^s Manuals. (See p. 7. ) 
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Electro-Chemistry, etc. 

Electro-Metallurgy. J. B. C. Kershaw, F.I.C. With 6i 

Illustrations. Extra Crown 8vo. 7/6 net. 

Contents. — Aluminium. Bullion and Gold. Calcium Carbide and Acetylene 
Gas. Carborundum. Copper. Ferro-Alloys. Glass and Quartz Glass. 
Graphite. Iron and Steel. Lead. Miscellaneous Products. Nickel. Sodium. 
Tin. Zinc. 

The Manufacture of Chemicals by Electrolysis, 

A. J. Hale, B.Sc., F.I.C. (A Treatise of Electro-Chemistry. 
Edited by Bertram Blount, F.I.C.) Demy 8vo. Illustrated. 
6/- net. 

Contents. — Electrolytic Hydrogen and Oxygen. Ozone. Production of 
Per-Salts and Hydrogen Peroxide. Nitric Acid. Hydroxylamine. Hydro- 
sulphites. Fluorine. Electrolytic Preparation of Pigments and Insoluble 
Substances. Electro-Osmotic and Electro-Colloidal Processes. Electrolytic 
Reduction of Organic Compounds. Oxidation and Substitution of Organic 
Compounds. Appendix. Name Index. Subject Index. 

Ozone. S. Rideal,D.Sc., F.I.C., F.C.S. (A Treatise of Electro- 
Chemistry. Edited by Bertram Blount, F.I.C.) Demy 8vo. 
12/- net. 

Contents. — Early History of Ozone and its General Properties. The Natural 
Occurrence of Ozone. Chemical Production. Thermal Production. The 
Electrolytic Preparation of Ozone. Production by Ultra-Violet Radiation 
and by Ionic Collision. Production by means of the Silent Electric Discharge. 
The Catalytic Decomposition of Ozone. Industrial Applications. Methods of 
Detection and Analysis. Name Index. Subject Index. 


Lighting. 

Electric Lamps. Maurice Solomon, A.C.G.I., A.M.I.E.E. 

Extra Crown 8vo. 7/6 net. (See p. 38.) 

Town Gas and its Uses for the Production of Light, 
Heat, and Motive Power, w. h. y. Webber, c.e. 

With 71 Illustrations. Extra Crown 8vo. 7/6 net. 


Thermodynamics . 

Entropy : Or, Thermodynamics from an Engineer's 
Standpoint^ and the Reversibility of Thermo- 
dynamics. James Swinburne, M.Inst.G.E., M.I.E.E., 

etc. Illustrated with Diagrams. Crown 8vo. 5/- net. 
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Applied Thermodynamics for Engineers, william d. 

Ennis, M.E., M.Am.Soc.M.E., Professor of Mechanical 
Engineering in the Polytechnic Institute of Brooklyn. With 
316 Illustrations. Royal 8vo. 21/- net. 

Technical Thermodynamics. Dr. Gustav Zeuner. First 
English Edition. From the Fifth Complete and Revised 
Edition of " Grundzuge der Mechanischen Warmetheorie.'* 

Vol. I. Fundamental Laws of Thermodynamics ; Theory 
OF Gases. 

Vol. II. The Theory of Vapours. 

Authorised translation by J. F. Klein, D.E., Professor of 
Mechanical Engineering, Lehigh University. Fully Illustrated, 
2 Volumes. Demy 8vo. 42/- net. 

A Text-Book of Thermodynamics, with special reference 
to Chemistry. By J. R. Partington, M.Sc., of the University 
of Manchester. 544 pages. 91 Diagrams. Demy 8vo. 
10/6 net. 

Contents. — Thermometry and Calorimetry. The first law ot Thermo- 
dynamics and some Applications. The Second Law of Thermodynamics ; 
Entropy. The Thermodynamic Functions and Equilibrium. Fluids. Ideal 
and Permanent Gases. Changes of Physical State. Van Der Waals’ Equation 
and the Theory of Continuity of States. Thermochemistry. Gas Mixtures. 
The Elementary Theory of Dilute Solutions. Chemical Equilibrium in 
Gaseous Systems. Equilibrium in Dilute Solutions. General Theory of 
Mixtures and Solutions. Capillarity and Adsorption. Electrochemistry. 
The Theorem of Nernst. Kinetic Theories in Thermodynamics, Index. 

Experimental and Theoretical Applications of 

Thermodynamics to Chemistry. Professor Walter 
Nernst, University of Berlin. Extra Crown 8vo. 9/- net. 

Principles of Thermodynamics, g. a. Goodenough, 
M.E. 2nd Edn. Revised. 14/- net. 


Physics and Chemistry. 

The Measurement of Steady and Fluctuating 

Temperatures. R. Royds, M.Sc., A.M.I.Mech.E. 

Demy 8vo. 162 pp. 

This book gives a concise account of modern methods of measuring both 
steady and fluctuating temperatures and of their applications in industrial 
practice. 

Heat Transmission, r. Royds, m.Sc., A.M.i.Mech.E. 

Demy 8vo. 

Vol. I. By Radiation, Conduction, and Convection. 

Vol. II. In Boilers, Condensers, and Evaporators. 

Each volume sold separately* 
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Standards and Tests for Reagent Chemtcals. Benjamin 
L. Murray. Member of the American Chemical Society, 
Chemical Society (London), Society of Chemical Industry, 
etc. etc. 385 pages. Demy 8vo, 

The Silicates in Chemistry and Commerce. Drs. w. 

and D. Asch. Translated with Critical Notes and some Addi- 
tions by A. B . Searle. 400 +xx pages. Royal 8vo. 21 /- net. 

Contents. — ^The Chemistry of Carbon and Silicon. Historical Review of 
Existing Theories concerning the Constitution of the Alumino-silicates and 
other Silicates. Critical Examination of Existing Theories concerning 
Alumino-silicates. A Hypothesis concerning the Bonding of the Atoms in 
Alumino-silicates and Allied Compounds. The Consequences of the “ Hexite- 
Pentite Theory,” and the Facts : (I.) The Reaction during Double Decom- 
position ; (II.) The Genetic Relationship between the various Alumino- 
silicates ; (III.) The Possibility of a Chemical System of Alumino-silicates ; 
(IV.) The Variable Chemical Behaviour of part of the Aluminium in Kaolin. 
Nepheline and in the Epi dotes : (V.) The Minimum Molecular Weight of 
Alumino-silicates; (VI.) The Constitution of Andesite; (VII.) The Possi- 
bility of Isomerism ; (VIII.) Water of Crystalhsation and of Constitution : 
Basic and Acid Water; (IX.) Prognoses; (X.) The Constitution of the 
Complexes of Molybdenum and Tungsten ; (XI.) The Constitution of Clays ; 
(XII.) Ultramarines ; (XIII.) A New Theory of Hydraulic Binding Materials 
and particularly of Portland Cements ; (XIV. ) A New Theory of the Porcelain 
Cements as used for Dental Fillings ; (XV.) A New Theory of Glass, Glazes 
and Porcelain ; (XVI.) The Hexite-Pentite Theory as a General Theory of 
Chemical Compounds. The Conversion of the H.P. Theory into a Stereo- 
chemical Theory and the combination of the latter with the modern theory of 
the Structure of Crystals. Summary and Conclusions. Bibliography of 
references mentioned in Text. Appendix. Formulae and Analyses. Biblio- 
graphy of references in Appendix, 

ludustficil ChemiStTy* a Manual for the Student and Manu- 
facturer. 2nd Edn. Revised and Enlarged. Edited by Allen 
Rogers, in charge of Industrial Chemistry, Pratt Institute, 
Brooklyn, N.Y. ; in collaboration with many Experts. 340 
Illustrations. Royal 8vo. 

Contents. — General Processes. Materials of Construction. Water for 
Industrial Purposes. Fluids. Producer Gas. Power Transmission, Boilers, 
Engines and Motors. Sulphuric Acid, Nitric Acid. Salt and Hydrochloric 
Acid. Commercial Chemicals. Chlorine and Allied Products. Electrochemical 
Industries. Lime, Cement and Plaster. Clay, Bricks and Pottery. Glass. 
Dutch Process White Lead. Sublimed White Lead. Pigments. Oils and 
Paints. The Metallurgy of Iron and Steel. Fertilizers. Illuminating Gas. 
Coal Tar and its Distillation Products. The Petroleum Industry. The 
Destructive Distillation of Wood. Oils, Fats and Waxes. Lubricating Oils. 
Soaps, Glycerine and Candles, Laundering. Essential Oils, S5mthetic 
Perfumes and Flavouring Materials. Resins, Oleo-Resins, Gum-Resins and 
Gums. Varnish. Sugar. Starch, Glucose, Dextrin and Gluten. Brewing and 
Malting. Wine Making. Distilled Liquors. Textiles. Dyestuffs and their 
Application. The Art of Paper Making. Explosives. Leather. Vegetable 
Tanning Materials. Glue and Gelatine. Casein. 
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Elements of Industrial Chemistry. Edited by Allen 

Rogers. An Abridgment of the Manual of Industrial 
Chemistry prepared especially for Students. Demy 8vo. 
520 pages. 1 17 Illustrations. 16/- net. 

Contents. — General Processes. Water for Industrial Purposes. Fuels. 
Sulphuiic Acid. Nitric Acid. Hydrochloric Acid. Elements and Compounds. 
Electro-chemical Industries. Lime, Cement and Plaster. Ceramic Industries. 
Pigments and Paints. Iron and Steel. Fertilisers. Organic Chemicals. 
Illuminating Gas. Coal Tar and Distillation Products. Petroleum. Distilla- 
tion of Wood. Oils, Fats and Waxes. Soap and Glycerine. Essential Oils. 
Gums and Resins. Sugar, Starch and Glucose. Brewing. Wine Making and 
Distilling. Textiles. Dyestuffs. Paper and Cellulose Industries. Explosives. 
Leather. 

Laboratory Guide of Industrial Chemistry. Alien 

Rogers, Editor of ‘'A Manual of Industrial Chemistry/' 
" Elements of Industrial Chemistry," etc. Demy 8vo. 212 
pages. 33 Illustrations. 2nd Revised and Enlarged Edition. 
15 /- net. 

Contents. — General Process. Inorganic Preparations. Organic Prepara- 
tions. Dyeing of Textile Fibres. Pigments and Lakes. Driers, Varnishes, 
Paints and Stains. Soap and Allied Products. Leather Manufacture. Wood 
Fibre, Pulp and Paper. Useful Data. 

The Application of Physico-Chemical Theory to 
Technical Processes and Manufacturing Methods. 

Dr. R. Kremann. Translated by H. E. Potts, M.Sc. (See 
P- 5 I-) 

The Chemistry and Technology of Printing Inks. 

Norman Underwood and Thomas V. Sullivan. Medium 
8vo. 12/6 net. 

Experimental and Theoretical Applications of 

Thermodynamics to Chemistry. Walter Nernst, 

University of Berlin. Extra Crown 8vo. 9/- net. 

Vapours for Heat Engines, wiiiiam d. Ennis, m.e., 

M.Am.Soc.M.E., Professor of Mechanical Engineering in the 
Polytechnic Institute of Brooklyn, Author of " Applied 
Thermodynamics for Engineers," etc. With 21 Tables and 17 
Illustrations. Demy 8vo. 6/6 net. 

The Manufacture of Chemicals by Electrolysis. 

A Treatise of Electro-Chemistry Series. A. J. Hale, B.Sc., 
F.I.C. Demy 8vo. Illustrated. 6/- net. (See p. 39.) 
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The Hydrogenation of Oils. Catalyzers and Catalysis and 
the Generation of Hyrdogen. Carleton Ellis, S.B. New 
and Revised Edition. 40/- net. 

Introduction to the Chemistry and Physics of 

Building Materials. Alan E. Munby, M.A.(Cantab.). 

Extra Crown 8vo. 7/6 net. 

A Calendar of Leading Experiments, w. s. Franklin 

and Barry Macnutt. 16/6 net. 

The Chemistry of Paints and Paint Vehicles. 

By C. H. Hall, B.S. Crown 8vo. 

The Chemistry of the Oil Industries, j. e. South- 

combe, M.Sc., Lecturer on Oils and Fats, Royal Salfdrd 
Technical Institute, etc. Illustrated, gj- net. 

Contents. — Preface. Introductory Organic Chemistry. Mineral Oils, 
Natural Sources and Methods of Preparation of the Saponifiable Oils and 
Fats. Impurities occurring in Crude Oils and Fats and the Technical 
Methods of Removing them. Composition and Properties of the Saponifiable 
Oils and Fats in general. The Natural Waxes. Analytical Methods, In- 
dustrial Applications of Fats and Oils. Saponification of Fats and Oils. 
Candle Manufacture, Soap Making, Glycerine, Conclusion. Scientific and 
Technical Research on Problems in the Oil and Related Industries. 
Literature Index. Illustrations 

The Chemistry of the Coal Tar Dyes. Irving w. 

Fay, Ph,D.( Berlin). Demy 8vo. 470 pages. 21/- net. 

The Chemistry of the Rubber Industry. Harold E. 

Potts, M.Sc., Member International Rubber Testing Com- 
mittee. Demy 8vo. 7/6 net. 2nd Impression. 

Contents. — ^The Colloidal State. Raw Rubber. Gutta-Percha and Balata. 
Mixing. Vulcanisation, History. Vulcanised Rubber. 

The Chemistry of Cement^ Concrete ^ and Bricks. 

A. B. Searle. Demy 8vo. io/6 net. 

Contents. — The Raw Materials for Cements. Methods of Cement Manu- 
facture. The Chemical and Physical Changes in Cements. The Changes 
which occur in Setting and Hardening. Testing the Properties of Cements. 
The Components of Concrete and their Properties. The Preparation of 
Concrete. Reinforced Concrete, Special Properties of Concrete. Testing 
Concrete. The Raw Materials for Bricks. Methods of Brickmaking. The 
Chemical and other Changes in Drying and Burning Bricks. The Properties 
of Bricks. Siliceous Bric&. Basic and Neutral Bricks. Index. 

Liquid Air and the Liquefaction of Gases, t. O’Conor 

Sloane, M.A., M.E., Ph.D. Demy 8vo. andEdn. 21/- net. 

Detection of the Common Food Adulterants, a hand- 
book for health officers, food inspectors, chemistry teachers 
and students. Prof. E. M. Bruce. Crown 8vo. and Edn. 
Revised. 10/6 net. 
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The Chemistry of Dyeing and Bleaching of 

Vegetable Fibrous Materials. Julius Habner, 
M.Sc.Tech., F.I.C. Demy 8vo.- 2nd Impression. Very 
fully Illustrated. 20/- net. 

Contents. — The Vegetable Fibres. Water. Chemicals and Mordants. 
Bleaching. Mercerising. Mineral Colours. The Natural Colouring Matters. 
Basic Cotton Dyestuffs. Substantive Cotton Dyestuffs. Sulphur Dyestuffs. 
Acid and Resorcine Dyestuffs. Insoluble Azo-Colours, produced on the fibre. 
The Vat Dyestuffs. Mordant Dyestuffs. Colours produced on the fibre by 
Oxidation. Dyeing Machinery. Estimation of the Value of Dyestuffs. 
Appendix. Index. 

The Colloidal and Crystalloidal State of Matter. 

H. E. Potts, M.Sc., and W. J. Breitland. Translated from 
.the German of Professor P. Rohland. Crown 8vo. 4/6 net. 

Colloids in Biology and Medicine. Prof.H. Beechoid. 

Translated from 2nd German Edition by J. M. Bullaya, A.B., 
M.D. Illustrated. 31/6 net. 

The Nitrocellulose Industry . a compendium of the history, 
chemistry, manufacture, commercial application and analysis 
of nitrates, acetates and xanthates of cellulose as applied to the 
peaceful arts, with a chapter on gun cotton, smokeless powder 
and explosive cellulose nitrates. Edward Ghauncey Warden, 
Ph.G., M.A., F.G.S. 2 Volumes. 1240 pages. 324 Illus- 
trations. Small 4to. 50/- net. 

Trinitrotoluenes and Mono- and Dinitroioluenes : 

Their Manufacture and Properties, g. Carlton 
Smith, B.Sc. Extra Crown 8vo. 140 pages. 8/6 net. 

Contents. — Introduction. Historical. Theory of the Nitration of Toluene. 
The Manufacture of T.N.T. The Purification of T.N.T. Inspection and 
Testing. Properties of the Trinitrotoluenes, Mono- and Dinitrotoluenes. 
Accidents in T.N.T. Plants. Diseases. 

Materials for Permanent Painting, a manual for Manu- 
facturers. Art Dealers, Artists and Collectors, explaining the 
composition of the materials uesd in painting. M . Toch , F .G .S . 
Frontispiece in Colour and other Illustrations. Crown 8vo. 
8/- net. 

Principles of Quantitative Analysis. Walter c. Bias- 

dale, Ph.D. DemySvo. 400 pages. 70 Illustrations. 17/- net. 
Contents. — Introductory Statements and Definitions. General Features of 
Gravimetric Processes. Gravimetric Gas Evolution Processes. Gravimetric 
Precipitation Processes. Gravimetric Solution and Extraction Processes. 
Partition Processes. General Features of Volumetric Processes. Volumetric 
Processes Involving Precipitation, Volumetric Processes Involving Neutra^ 
Usation. Volumetric Processes Involving Oxidation. Physico-Chemical 
processes, 
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The Theory and Use of Indicators. An Account of the 

Chemical Equilibria of Acids, Alkaloids and Indicators in 
Aqueous Solution, with Applications. E. B. R. Prideaux, 
M.A., D.Sc. Demy 8vo. 390 pages. 12/6 net. 

Contents. — ^The Equilibria of Acids, Bases and Salts, and the Physical 
Methods of Determining Acidity and Alkalinity. Light Absorption in the 
Visible Spectrum and Colorimetry. Theories of Colour in their Relation to 
the Ionic Theory, Chemical Constitution and the Formation of Salts. The 
Colour of Indicators as a Function of Hydrion Concentration. The Determina- 
tion and Use of Indicator Constants. The Prepararion and Use of Solutions of 
Standard Hydrion Concentration. Applications. The Course of Neutralisa- 
tion and the Theory of Titration. The Solution Equilibrium and Titration of 
some Acids. A Summarised List of the Principal Indicators with Absorption 
Spectra. 

Problems in Physical Chemistry, with Practical Appiica- 
tions. E. B. R. Prideaux, M.A.. D.Sc., with a Preface by 
F. G. Donnan, M.A., Ph.D., F.R.S. 2nd Edn. Revised. 
18 /- net. 

Contents. — Preface. Author's Preface. Mathematical Methods and 
Formulae. Table of Logarithms. List of SymboL and Abbreviations, 
Units and Standard of Measurement. Thermochemistry. Systems of One 
Component Systems of Two Components. Reactions in Solution. Electro- 
motive Force and Chemical Reaction. Velocity of Chemical and Radioactive 
Changes. Reactions in Gases. 

Chemical Theory and Calculations. An Elementary 
Text-Book. Forsyth J. Wilson, D.Sc.(Edin.), Ph.D. 
(Leipzig), and Isidor M. Heilbron, Ph.D. (Leipzig), F.I.C., 
A.R.T.C. 2nd Edition. 4/6 net. 

Chemical Calculations. R. Harman Ashley, Ph.D. Extra 

Crown 8vo. 10/- net. 

Contents. — Ratios. Approximate Numbers. Interpolation. Heat. Specific 
Gravity. Gas Calculations. Calculation of Atomic Weights and Formulas. 
Gravimetric Analysis. Volumetric Analysis. Use of Specific Gravity Tables 
and Acid Calculations. 

The Nature of Solution. H. C. Jones, with a Biographical 
Memoir by Professor E. E. Reid. Large 8vo. 400 pages. 
18/- net. 

Contents. — Importance of Solution. Earlier Views as to the Nature of 
Solution. The Osmotic Pressure of Solutions. Relations between Solutions 
and Gases Demonstrated by Vant Hoff. The Theory of Electrolytic Dissocia- 
tion as Announced by Arrhenius. Diffusion in Solution. Depression of the 
Vapour-tension of a Solvent by Substances Dissolved in it. Depression of 
Freezing-Point of a Solvent by the Solute. Aqueous Solutions of Acids, Bases 
and Salts— Electrolytes. Some Electrical Properties of Aqueous Solutions of 
Electrolytes. Solution in Non-aqueous and in Mixed Solvents, Colloidal 
Solutions. Solutions in Solids as Solvents, The Newer Hydrate Theory. The 
Solvate Theory of Solutions 
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A Text-Book of Thermodynamics, with Special Refer- 
ence to Chemistry. J. R. Partington, M.Sc. io/6 net. 
(See p. ^o.) 

Text-Book of Elementary Chemistry, f. MoIIwo 
Perkin, Ph.D., F.I.G., F.G.S., and Eleanor M. Jaggers. 

Crown 8vo. 4/“ net. 

Contents. — Examination of Water. Metric System. Distillation. Thermo- 
meters. Freezing Points. Boiling Points. Melting Points. The Atmo- 
sphere. Chemical Properties of the Atmosphere. Chemical Properties of 
Water. Hydrogen and Oxygen. Quantitative Examination of Chalk. 
Carbon and its Oxides and Compounds with Hydrogen. Flame and Com- 
bustion, Compounds of Nitrogen. Hydrochloric Acid and the Halogens. 
Sulphur and its Compounds. Phosphorus and Phosphorous Compounds. The 
Metal^s. Technical Processes. Appendix. Index. 

Practical Methods of Inorganic Chemistry. 

F. Mollwo Perkin, Ph.D. Crown 8vo. 3/6 net. 

The Identification of Organic Compounds, g. b. 

Neave, M.A., D.Sc., and I. M. Heilbron, Ph.D., F.I.G., 

etc. Crown 8vo. 2nd Edn. 4/6 net. 

Contemporary Chemistry, e. e. Fournier D’Aibe, b.Sc., 
A.R.G.S., M.R.I.A., Author of “ The Electron Theory," etc. 
4/- net. 

A New Era in Chemistry. Some of the more important 
developments in General Chemistry during the last quarter of 
a century. Harry G. Jones. 326-fxii pages. Extra Crown 
8vo. 8/6 net. 

Some Fundamental Principles of Chemistry, Old 

and New. e. a. Letts, d.Sc., Professor of Chemistry in 
the Queen's University, Belfast. Demy 8vo. 223+xiii pages. 
44 Illustrations. 8/- net. 

An Introduction to the Study of Physical Metal- 
lurgy. Walter Rosenhaln, B.A., D.Sc., F.R.S. 350-fxvi 

pages. 14Q Illustrations. Demy 8vo. 12/6 net. (See p. 17.) 

Theoty of MeUSUT ements . a manual for students in physics 
designed for use either as a text-book or as a laboratory 
guide. James S. Stevens, Professor of Physics in the Univer- 
sity of Maine. Extra Crown 8vo. lo/- net. 
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Electric Arc Phenomena, e. Rasch. Translated by 
K. Tornberg. Demy 8vo. 52 Illustrations. i8/~ net. 
Contents. — General Outline of Electric Arc Phenomena. Typical Carbon 
Arc. Electrode Materials and their Physical Properties. Theory of Electric 
Discharges through Gases. Spark Discharges. Empirical Results. Voltage 
and Current Conditions in the Arc. Distribution of Energy in the Arc. 
Efficiency of Commercial Types of Arc. 

Physical Laboratory Experiments for Engineering 
Students : Mechanics^ Sounds Heat, and Light. 

Samuel Sheldon, Ph.D., D.Sc., and Erich Hausmann, 

F.E., Sc.D. Demy 8vo. 134 pages. 40 Illustrations. 7/6 net. 

Radio-Active Transformations. Ernest Rutherford, 

F.R.S. Demy 8vo. 31/6 net. 

The Theory of Ionization of Gases by Collision. 

John S. Townsend, M.A., F.R.S. , Wykeham Professor of 
Physics in the University of Oxford. Crown 8vo. 4/6 net. 
Contents. — Ionization by Negative Ions. Ionization by Positive Ions. 
Sparkling Potentials in a Uniform Electric Field. Theory of Electric Dis- 
charges in Fields of Force which are not Uniform. 

The Electrical Nature of Matter' and Radio- 
activity. H. C. Jones, Professor of Physical Chemistry 
in the Johns-Hopkins University. 3rd Edn. Revised and 
largely Rewritten. Demy 8vo. 220 pages. 8/6 net. 

The Corpuscular Theory of Matter, sir J. j. Thom- 
son, M.A., F.R.S., D.Sc., LL.D., Ph.D., Professor of Experi- 
mental Physics, Cambridge, and Professor of Natural Philosophy 
at the Royal Institution, London. Demy 8vo. 7/6 net. 

Radio-Activity and Geology. John Joiy, m.a., Sc.d,, 
F.R.S., Professor of Geology and Mineralogy in the University 
of Dublin. Crown 8vo. 10/- net. 

A Text-Book of Physics, h. e. Hurst, b.a., b.Sc., 

Hertford College, Oxford, late Demonstrator in Physics in 
the University Museum, Oxford, and R. T. Lattey, M.A., 
Royal Naval College, Dartmouth, late Demonstrator in Physics 
in the University Museum, Oxford. Many Illustrations and 
Diagrams. Demy 8vo. 12/6 net. 

Also published in three volumes. Each sold separately. 

Part I. Dynamics and Heat. 4/-- net. 

Part II. Light and Sound. 4/- net. 

Part III. Magnetism and Electricity. 5/- net. 



48 


TECHNICAL AND SCIENTIFIC BOOKS 


Electricity and Matter, sir j. j. Thomson, M.A., f.r.s., 
D.Sc., LL.D., Ph.D. Crown 8vo. 9/- net. 

Exercises in Physical Chemistry. Dr. w. A. Roth, 

Professor of Chemistry in the University of Greifswald. 
Authorised Translation by A. T. Cameron, M.A., B.Sc., 
of the University of Manitoba. Demy 8vo. 6/- net. 

Practical Physics. Franklin, Crawford and Macnutt. 

Vol. 1 . Precise Measurements — Mechanics and Heat, 
9/~ net. 

Vol. II. Elementary and Advanced Measurements in 
Electricity and Magnetism. 9/-- net. 

Vol. III. Photometry. Experiments in Light and Sound; 
7/- net. 

Atoms. Jean Perrin. Translated by D. LI. Hammick. 

Demy 8vo. 16 Illustrations. 9/- net. 

Contents. — Chemistry and the Atomic Theory. Molecular Agitation. The 
Brownian Movement — Emulsions. The Laws of the Brownian Movement. 
Fluctuations. Light and Quanta. The Atom of Electricity. The Genesis 
and Destruction of Atoms. Index. 

The Universe and the Atom. The Ether Constitution, 
Creation and Structure of Atoms, Gravitation, and Electricity, 
Kinetically explained. Marion Erwin, G.E. Demy 8vo. 
8/6 net. 

Contents. — Part I., First Principles, Part II., The Pan Cycle Hypothesis : 
Invisible Composition Light Waves, the Warp and Woof of the Ether 
Structure and of All Things Material. 

The Profession of Chemistry. Richard B. Pilcher, 

Registrar and Secretary of the Institute of Chemistry of Great 
Britain and Ireland. Crown 8vo. 6/6 net. 

Contents. — Synopsis of Training and Possible Careers for a Chemist. Pre- 
liminary Education. Pharmacists and Chemists. Professional Training, 
Prospects and Conditions of Practice. Professional Organisation Public 
Analysts and Official Argicultural Analysts, Professional Procedure. 
Industrial Chemistry. Chemistry and the State. Teaching. Women in 
Professional Chemistry. Chemists in War. 

What Industry Owes to Chemical Science. Richard 

B. Pilcher and Frank Butler- Jones, B.A. With an Intro- 
duction by Sir George Beilby, LL.D., F.R.S. Crown 8vo. 
166 pages. 4/- net. 

The authors show how science has advanced the methods and processes of 
production and laid the foundation for the estabUshment of new manufactures. 
Many important industries are surveyed with the particular object of informing 
students of chemistry and engineering of the vast field open to them in 
their professional careers. 




METALLURGY 


49 


Van Nostrand's Chemical Annual, a Handbook of 

Useful Data for Analytical, Manufacturing, and Investigating 
Chemists, and Chemical Students. Edited by John C. Olsen, 
M.A., Ph.D,, Professor of Analytical Chemistry, Polytechnic 
Institute, Brooklyn ; with the co-operation of Eminent 
Chemists. Nearly lOO Tables. Crown 8vo. i8/6 net. 

Principles of Microscopy. Being an introduction to Work 
with the Microscope. Sir A, E. Wright, M.D., F.R.S., D.Sc., 
Dublin (Honoris Causa), F.R.G.S.I. (Hon.). With many 
Illustrations and Coloured Plates. Super Royal 8vo. 21/- net. 

Ozone. (A Treatise of Electro-Chemistry. Edited by Bertram 
Blount, F.I.e.) S. Rideal, D.Sc., F.I.C., F.C.S. Demy 
8vo. 12/- net. (See p. 39.) 


Metallurgy. 

Methods in Metallurgical Analysis. Charles H. White, 

Assistant Professor in Mining and Metallurgy in Harvard 
University. Demy 8vo. 106 Illustrations. 21/- net. 

Contents. — Definition ol the Subject. Sampling. Necessity for Correct 
Sampling. The Operations of Analysis, Gravimetric, Volumetric Analysis. 
Calorimetry. Methods of Analysis in the Metallurgy of Iron and Steel. 
Moisture. Hydroscopic Water. Combined Water. Loss of Ignition. Iron 
in Ores. Silica, Sulphur, Phosphorus, Alumina, Manganese, Lime, Magnesia 
and Titanium in Ore. Analysis of — Iron and Steel, Iron Slags, Limestone. 
Methods of Analysis in the Metallurgy of Copper, I.ead, etc. Copper, Lead, 
Zinc and Arsenic in Ore. Analysis of — Copper Matte, Chilled Blast Furnace 
Slags, Reverberatory Slags, Briquettes and other Copper-bearing Products, 
Copper Bullion, Alloys. Methods of Analysis in the Production of the Precious 
Metals. Analysis of Fluxes. Analysis of Fuels. Analysis of Clay. Methods 
for the Determination of Some of the Minor Metals. Methods for the Deter- 
mination of some of the Rarer Metals. Testing of Lubricating Oils. Examina- 
tion of Boiler Water, Detection of the Metals, Tables. General References, 

An Introduction to the Study of Physical Metal- 
lurgy. Walter Rosenhain, B.A., D.Sc., F.R.S. 140 

Illustrations. Demy 8vo, 12/6 net. 

Contents. — ^The Structure and Constitution of Metals and Alloys. The 
Microscopic Examination of Metals. The Metallurgical Microscope. The 
Micro-Structure of Pure Metals and Alloys. The Thermal Study of Alloys. 
The Constitutional Diagram and the Physical Properties of Alloys. Typical 
Alloy Systems. The Iron-Carbon System. The Properties of Metals as 
Related to their Structure and Constitution. The Mechanical Testing of 
Metals. The Mechancial Testing of Metals {contd.). The Effect of Strain on 
the Structure of Metals. The Thermal Treatment of Metals. The Mechanical 
Treatment of Metals, including Casting. Defects and Failures in Metals and 
Alloys. 

The Electro - Metallurgy of Steel. CoUn Gow, 
A.R.S.M., B.Sc. Edited by Bertram Blount. Demy 8vo. 
Illustrated. About 24/- net, 
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Mathematics. 

The Theory of Proportion, m. j. m. mu, m.a.,ll.d., 

Sc.D., F.R.S, Demy 8vo. 15 Figures. 6/- net. 

Contents. — Magnitudes of the same Kind. Propositions relating to Magni- 
tudes and their Multiples. The Relations between Multiples of the same 
Magnitude. Commensurable Magnitudes. Magnitudes of the same Kind 
which are not Multiples of the same Magnitude. Incommensurable Magni- 
tudes. Extension of the Idea of Number. On the Ratios of Magnitudes which 
have no Common Measure. Properties of Equal Ratios. First Group of 
Propositions. Second Group of Propositions. Third Group of Propositions — 
Geometrical Applications of Stolz’s Theorem. Further Remarks on Irrational 
Numbers. The Existence of the Fourth Proportional. Commentary on the 
Fifth Book of Euclid’s Elements, 

Elefnentary Plane Trigonometry . h. e. Piggott, m.a. 

Second Master and Head of Mathematical Department, Royal 
Naval College, Dartmouth. Late Director of Naval Studies at 
Cambridge, Formerly Scholar of Clare College, Cambridge. 
Crown 8vo. 7/6 net. 

Contents. — ^The Tangent of an Acute Angle. The Sine and Cosine of an 
Acute Angle. Miscellaneous Application of the Sine, Cosine and Tangent. 
The Co-tangent, Secant, and Co-secant of an Acute Angle. Exercises of the 
Six Trigonometrical Ratios. Miscellaneous Revision Examples. Solution of 
Triangles. Miscellaneous Problems. Areas of Triangles, etc. Circular 
Measure. The Sphere. Trigonometrical Ratios of Angles Greater than 180°. 
Directed Lines. Compound Angles. Graphs of Periodic Functions. Appendix 
I. Traverse Table. Appendix II : Haversines. Miscellaneous Examples. 
Answers to Examples. Index. 

Integration by Trigonometric and Imaginary Sub- 
stitution. Charles O. Gunther, with an Introduction by 
J. Burkett Webb, G.E. Demy 8vo. 5/- net. 

Quaternions, as the Result of Algebraic Operations. 

Arthur Latham Baker, Ph.D. Extra Crown 8vo. 6/- net. 

The Calculus and its Applications, a Practical Treatise 
for Beginners, especially Engineering Students. With over 400 
examples, many of them fully worked out. Robert Gordon 
Blaine, M,E., A.M.Inst.G.E., formerly Lecturer at the City 
Guilds* Technical College. Crown 8vo. 5/- net. 

An Elementary Treatise on the Calculus. Franklin, 

MacNutt and Gharles, 16/6 net. 

Elementary Statics. Franklin and MacNutt. 4/- net. 
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Mathematics for the Practical Man. a short work ex- 
plaining all the elements of Algebra, Geometry, Trigonometry, 
Logarithms, Co-ordinate Geometry, and Calculus. George 
Howe, M.E. Crown 8vo. 7/~ net. 

The Practical Mechanic's Handbook, f. e. Smith. 

8/~ net. 

Contents. — Arithmetic. Arithmetical Signs and Characters and Explana- 
tion of Solving Formula. Mensuration. How the Dimensions, Measurements, 
and Weights of Different Shaped Vessels are Found. The Primary or Simple 
Machines. Strength of Materials and Questions Relating to Stress. 


Manufacture and Industries. 

Application of Physico-Chemical Theory to Techni- 
cal Processes and Manufacturing Methods. Dr. R. 
Kremann. Translated into English and Edited by H. E. 
Potts, M.Sc. Demy 8vo. 9/- net. 

Contents. — The Two Fundamental Laws of the Mechanical Theory of Heat. 
Reaction- Velocity and Catalytes. Other Special Applications of the Law of 
Mass Action. The Influence of Temperature on the Equilibrium-Constant. 
Dissociation Pressure. Application of the Phase Rule. The Application of the 
Phase Rule to Solid-Liquid Systems. Transformation Phenomena in 
Hydraulic Binding Agents. Other Applications of the Phase Rule. The 
Distribution Law. Adsorption Compounds. Reciprocal Pairs of Salts. 

Chemistry of the Oil Industries, j. e. Southcombe, 

M.Sc., Lecturer on Oils and Fats, Royal Salford Technical 
Institute, etc. 9/- net. 

Contents. — Preface. Introductory Organic Chemistry. Mineral Oils, 
Petroleum and Shale. Mineral Oil Refining. Natural Sources and Methods 
of Preparation of the Saponifiable Oils and Fats. Impurities occurring in 
Crude Oils and Fats and the Technical Methods of Removing them. Com- 
position and Properties of the Saponifiable Oils and Fats in General. Com- 
position and Properties of the Individual Oils and Fats of Commercial Import- 
ance. The Natural Waxes, their Composition and Properties. Analytical 
Methods. Industrial Applications of Fats and Oils. Burning Oils. Edible 
Oils and Margarines. Polymerised, Boiled and Blown Oils. Turkey-Red Oils. 
Saponification of Fats and Oils on a Technical Scale. The Distillation of 
Fatty Acids. Oleines and Stearines. Candle Manufacture. Soap-Making. 
Glycerine. Conclusion : Scientific and Technical Research on Problems in 
the Oil and Related Industries. Literature. 

Linseed Oil and other Seed Oils. An industrial Manual. 
William D. Ennis, M.E., M.Am.Soc.M.E., Professor of 
Mechanical Engineering, Polytechinc Institute of Brooklyn. 
Medium 8vo. Illustrated. 37/6 net. 
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The Production and Treatment of Vegetable Oils. 

Including Chapters on the Refining of Oils, Hydrogenation 
of Oils, Generation of Hydrogen, Soap Making, Recovery and 
Refining of Glycerine, and the Splitting of Oils. T* W. 
Chalmers, B.Sc., A.M.I.Mech.E. Crown 4to. 164 pages. 
9 Folding Plates. 95 Illustrations. 21/- net. 

Contents. — Introductory. Principal Vegetable Oils. Preparatory Machinery 
for Copra and Linseed, Palm Fruits and Palm Kernels, Cotton Seed and 
Castor Seed. Special Forms of Reduction Machinery. Meal Kettles, 
Receiving Pans and Moulding Machines. Oil Presses. Anglo-American and 
Cage Type. General Arrangement of Oil Mills. Extraction of Oils by 
Chemical Solvents. Refining of Oils. Hydro-generation or Hardening of Oils. 
Generation of Hydrogen for Oil Hardening Purposes. Manufacture of Soap. 
Glycerine Recovery and Refining and the Splitting of Oils. 

Cotton Seed Products, a Manual of the Treatment 
Cotton Seed for its Products and their Utilization in the Arts. 
Leebert Lloyd Lamborn, M.Am.C.S., M.S.C.I. With 79 
Illustrations and a Map. Demy 8vo. 31 /6 net. 

Paper Making and its Machinery, t. w. Chalmers. 

Imperial 8vo. 200 pages. Illustrated. 26/- net. 

Contents. — Introduction. Cutting, Cleaning and Boiling. Washing, 
Breaking and Bleaching. Purifying and Pulping. Beating. Refining. The 
Fourdrinier Machine. Fourdrinier Driving Arrangements. Details of the 
Fourdrinier. Pulp Strainers. TubSizing. Calendering, Cutting and Winding. 
Wood Pulp. The Coating of Art Paper. The Finishing of Coated Art Paper. 
The Coating of Photographic Paper. 

The Manufacture of Paper, r. w. Sindaii, f.g.s. 2nd 

Edn. Extra Crown 8vo. 8/6 net. 

Contents. — Preface. List of Illustrations. Historical Notice, Cellulose and 
Paper-Making Fibres. The Manufacture of Paper from Rags, Esparto and 
Straw. Wood Pulp and Wood Pulp Papers. Brown Papers and Boards. 
Special kinds of Paper. Chemicals used in Paper-making. The Process of 
‘ ' Beating.’ ' The Dyeing and Colouring of Paper Pulp. Paper Mill Machinery, 
The Deterioration of Paper. Bibliography. Index, 

Wood Pulp. Charles F. Cross, B.Sc., F.I.C. ; E. J. Bevan, 
F.I.C., and R. W. Sindall, F.C.S. New and Revised Edition. 
8/6 net. 

Contents. — ^The Structural Elements of Wood. Cellulose as a Chemical. 
Sources of Supply. Mechanical Wood Pulp. Chemical Wood Pulp. The 
Bleaching of Wood Pulp. News and Printings. Wood Pulp Boards. Utilisa- 
tion of Wood Waste. Testing of Wood Pulp for Moisture. Wood Pulp and 
the Textile Industries. Bibliography. Index, 

Commercial Paints and Painting, a Handbook for Ar- 

chitects. Engineers, Property Owners, Painters and Decorators, 
etc, Arthur Seymour Jennings. 224+xii pages. 47 
Illustrations. Extra Crown 8vo. 7/6 net. 
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Glass Manufacture. Walter Rosenhain, D.Sc., F.R.S. 

Superintendent of the Department of Metallurgy in the 
National Physical Laboratory. 2nd and Revised Edition. 
12/6 net. 

Contents. — Physical and Chemical Properties of Glass. The Physical 
Properties of Glass. The Raw Materials of Glass Manufacture. Refractories. 
Furnaces. The Process of Fusion. Processes Used in the working of Glass. 
Bottle Glass. Blown and Pressed Glass. Rolled or Plate Glass. Sheet and 
Crown Glass. Coloured Glasses. Optical Glass. Miscellaneous Products. 

Decorative Glass Processes. Arthur Louis Duthie. 

Extra Crown 8vo. 8/6 net. 

Contents. — Introduction. Various Kinds of Glass in Use. Their Character- 
istics, Comparative Price, etc. Leaded Lights. Stained Glass. Embossed 
Glass. Brilliant Cutting and Bovelling. Sand-Blast and Crystalline Glass. 
Gilding. Silvering and Mosaic. Proprietary Processes. Patents. Glossary. 

The Manufacture of Leather. Hugh Garner Bennett, 
M.Sc., F.G.S., Member of the International Association 
of Leather Trade Chemists. Demy 8vo. 18/- net. 

Contents. — Historical and Introductory Outline. The Nature of Skin, 
Fermentation. Hides and Skins. Water. Soaking, Unhairing. Deliming. The 
Tannins. The Vegetable Tanning Materials. The Analysis of Tanning 
Materials. Th6 Preparation of the Tanning Liquors. The Principles of 
Vegetable Tanning. The Tannage of Sole Leather. The Tannage of Belting, 
Harness and Upper Leather, etc. The Tannage of Moroccos and Light 
Leathers, The Tannage of Chrome Leather. Alum and Combination 
Tannages. Fat, Oil and Aldehyde Tannages. The Drying of Leather. The 
Finishing of Sole Leather. The Currying and Finishing of Dressing Leather. 
I^eather Dyeing. The Finishing of Light Leathers. The Finishing of Chrome 
I.eather. The Finishing of the Alum- and Combination-Tanned Leathers. The 
Finishing of Fat- and Oil-Tanned Leathers. Japanned and Enamelled 
Leathers. The Dressing of Wool Rugs. The Analysis of Leather. Index. 


Mineral and Aerated Waters, and the Machinery 

for their Manufacture, c. Answorth Mitchell, b.a. 
(Oxon.), F.I.G. Demy 8vo. 9/- net. 

The Chemistry and Technology of Printing Inks. 

Norman Underwood and Thomas V. Sullivan. Medium 
8vo. 12 16 net. 

Materials for Permanent Painting, a Manual for Manu- 

facturers, Art Dealers, Artists and Collectors, explaining the 
Composition of the Materials used in Painting. M. Toch, 
F.G.S. Frontispiece in Colour and other Illustrations, Crown 
8 VO, 8/- net. 
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Materials Used in Sizing, w. F. A. Ermen. 6/- net. 

Contents. — The Starches and other Agglutinants. Weighing Materials, 
Softening Ingredients. Antiseptics. Analysis of Sized Warps and Cloth. 
The Preparation of Normal Volumetric Solutions. Tables. 

The Nitrocellulose Industry. Edward Chauncey Warden, 
Ph.G., M.A., F.G.S. 2 Volumes (See p. 44.) 50/-. 

Oils^ Gums^ Waxes and Allied Substances, f. s. 

Hyde, Ph.B. Demy 8vo. 12/6 net. 

India-Rubber and its Manufacture, with Chapters on 
Gutta-Percha and Balata. H. L. Terry, F.I.G., A.I.M.M. 
Extra Crown 8vo. 8/6 net. 

The Chemistry of the Rubber Industry. Harold e. 
Potts, M.Sc. (See p. 43.) 

Solvents^ Oils, Gums, Waxes, and Allied Substances. 

F. S. Hyde, Ph.B. Demy 8vo. 12/- net. 

Glues and Gelatine , a Practical Treatise on the Methods 
of Testing and Use. R. Livingston Fernbach, Demy 8vo. 
14/- net. 

Agglutinants and Adhesives of all Kinds for all 
Purposes. H. C. standage. Demy 8vo. 7/6 net. 

The Chemistry of Dyeing and Bleaching of Vege- 
table Fibrous Material. JuIius Habner, M.Sc.Tech., 
F.I.G. (See p. 44.) 

Cork : Its Origin and Industrial Uses. Gilbert E. 

Stecher. Crown 8vo. 6/- net. 

Wool. Frank Ormerod. Demy 8vo. Illustrated. 6/6 net. 
(See p. 3.) 

Cotton. George Bigwood. Demy 8vo. Illustrated. 6/6 net. 
(See p. 3.) 

History of the Frozen Meat Trade, j. c. Critcheii 
and J. Raymond. Demy 8vo. 12/6 net. 

The Potter's Craft, a Practical Guide for the Studio and 
Workshop. Gharles F. Binns, late Superintendent Royal 
Porcelain Works, Worcester. With 42 Illustrations. Crown 
8vo. 7/6 net. 
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Arts and Crafts. 

Photography : Its Principles and Applications. 

Alfred Watkins, F.R.P.S., Past President Photographic 
Convention. Demy 8vo. 340 pages. 100 Illustrations. 12/6 
net. 2nd Revised Edition. 

Contents. — First Principles. Lenses. Exposure Influences. Practical 
Exposure. Development Influences. Practical Development. Cameras and 
Dark Room. Orthochromatic Photography. Printing Processes. Hand 
camera Work. Enlarging and Slide Making. Colour Photography. General 
Applications. Record Applications. Science Applications. Plate Speed 
Testing. Process Work. Pinhole Photography. 

Simple Jewellery. A Practical Handbook with Cei;tain 
Elementary Methods of Design and Construction. Written for 
the use of Craftsmen, Designers, Students and Teachers. 
R. LI. B. Rathbone. 2nd Edn. In preparation. 

Precious Stones, w. Goodchild, M.B„ B.Ch. With a 
Chapter on Artificial Stones by Robert Dykes. With 42 
Illustrations. Extra Crown 8vo. 7/6 net. 

Contents. — Introduction. Modes of Origin. Physical Properties of Gem 
Stones. Cutting of Gems. Imitation Gems and the Artificial Production of 
Precious Stones. Diamond. Flour Spar. Opal. Corundum. Spinel and 
Chrysoberyl. Calcite. Labradorite. Beryl. Garnet. Olivine. Sphene. 
Apatite. Jet. Glossary. 


Business and Management. 

Advertising : A Study of a Modern Business 

Power. G. W. Goodall, B.Sc. With an Introduction by 
Sidney Webb, LL.B. Paper, 1/6. 

Storing : Its Economic Aspects and Proper Methods. 

H. B. Twyford. Author of “ Purchasing.” Large Demy 8vo. 
21/6 net. 

Purchasing : Its Economic Aspects and Proper 

Methods. H. B. Twyford, of the Otis Elevator Company. 
112 Charts, Diagrams and Forms. Large Demy 8vo. 252 
pages. 26/- net. 

Seasonal Trades. Arnold Freeman, B.A., and Sidney 
Webb. With a Bibliography of each Trade. 7/6 net. 
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Commerce and Industry. Edited by William Page, F.S.A. 
With a Preface by Sir William Ashley, M.A., Ph.D. Each 
volume is sold separately. 

Vol. I. A Historical Review of the Economic Conditions 
OF THE British Empire from the Peace of Paris in 1815 to 
THE Declaration of War in 1914, based on Parliamen- 
tary Debates. 508 pages and 7 Maps. 32/- net. 
Contents. — Editorial Note. Preface. Introduction. Effects of War (1815 
to 1820). Commercial Reform (1820 to 1830). The Reform Parliament (1830 
101841). Repeal of the Corn Laws (1841 to 1852). War and Finance (1852 to 
1859). Free Trade (1859 to 1868). Retrenchment and Reform (1868 to 1880). 
Organization (1880 to 1892). Foreign Competition (1892 to 1900). The 
Movement towards Tariff Reform (1900 to 1910). Unrest (1910 to 1914). The 
Cabinet and Parliament. Ministries (1812 to 1912). A Chronicle of the 
British Empire Beyond the Seas. Index. Maps. 

Vol. II. Tables of Statistics for the British Empire from 
1815. 260 pages. 24/- net. 

Contents. — Populations. Revenue and Expenditure. National Debt of the 
United Kindgom. Public Debt of India and the Principal Colonies. Local 
Taxation. Expenditure for Education. Imports and Exports of the United 
Kingdom. Imports and Exports of India and the Principal Colonies : 
Imports of Bullion and Specie. Shipping. Railways. Light Railways and 
Tramways. Production, the United Kingdom. Production, The British 
Empire. Wages. Prices. Bank Discount. Savings Banks in the United 
Kingdom. Textile Factories. Registered Companies. Gas Undertakings. 
Electrical Undertakings. 

Primer of Scientific Management, f. b. Giibreth, 

M.Am.Soc.M.E., with an Introduction by Louis D. 
Brandeis. 9/- net. 

Motion Study, a Method for Increasing the Efficiency of 
the Workman. F. B. Giibreth, M.Am.Soc.M.E, 9/6 net. 


Useful Handbooks and Tables, etc. 

The Practical Mechanic's Handbook, f. e. Smith. 

8/- net. (Seep. 51.) 

Materials Used in Sizing, w. F. A. Ermen. (See p. 54.) 

Reference Book for Statical Calculations. Francis 
RuS. Crown 8vo. i6o Illustrations. Charts and Diagrams. 
4/- net. 

The New Steam Tables. Calculated from Professor Callen- 
dar's Researches. Professor €• A. M. Smith, M.Sc., and 
A. G. Warren, S.Sc. 4/6 net. 
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Handbook for the Care and Operation of Naval 

Machinery. Comr.H.C. Dinger, U.S. Navy. 436 pages. 
150 Illustrations. Pocket size. 21/- net. 3rdEdn. Revised. 
Contents. — Operation of Naval Machinery. Care and Overhaul of Main 
Plant. Fittings and Auxiliaries. Care and Preservation of Subdivision of 
Mull. Special yVuxiliary Engines. Spare Parts. Te.'^ts of Machinery and 
Pi ping. 

The Lazo affecting Engineers, w. Valentine Bail, 

M.A.(Gantab.), Barrister-at-Law, Joint Editor of " Einden*s 
Building Contracts.” Demy 8vo. io/6 net. 

A concise statement of the powers and duties of an engineer, as between 
employer and contractor, as arbitrator and as expert witness, together with 
an outline of the law relating to engineering contracts, and an appendix of 
forms of contract, with explanatory notes. • 

Letteving. For Draughtsmen, Engineers and Students. C. W. 

Reinhardt. 14th Edn. Revised and Enlarged. 10/- net. 
Contents. — Inclined and Upright Lettering: Lower-case I.etters. Capital 
Letters. Numerals. Extending Form Freehand Lettering Applied to Work- 
ing Drawings. Various Freehand Alphabets. Greek Alphabet. Lettering 
of Titles. Practice Sheets, Round Writing. Lettering for Photo-repro- 
duction. 


Natural History, Botany, Nature Study, etc. 

Extinct Animals, sir E. Ray Lankester, F.R.S. With a 

Portrait of the Author and 218 other Illustrations. New and 
Revised Edition in preparation. Extra Crown 8vo. 

Economic Zoology and Entomology. Vernon L. Kellogg 
and C. W. Doaiie. Crown 8vo. 6/6 net. 

The authors are well known as clear and precise exponents of their subject. 
In his text-book they have produced an introduction both to general zoology 
as well as to that specific phase of it called “ economic." 

The first chapters introduce the reader to general facts of animal structure 
and life and are arranged on the basis of accepted pedagogic principles. The 
latter chapters, arranged on a basis of animal classification proceeding from 
the samples to the nine highly developed groups, include not only general 
facts pertaining to the groups treated, butintroduce and give general attention 
to the economic relations of the various members of the groups. Finally, there 
is presented a form of encyclopaedic treatment of a wide range of facts wholly 
economic in aspect. 

Distribution and Origin of Life in America. 

R. F. Scharff, B.Sc., Ph.D., F.L.S. P'ully Illustrated. 
Large Crown 8vo. 10/6 net. 

European Animals : Their Geological History and 
their Geographical Distribution, r. f. Scharff, 

B.Sc., Ph.D., F.L.S. Fully Illustrated. Demy 8vo. 7/6 net. 
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Plant Physiology and Ecology. Frederic Edward 
Clements, Ph.D., Professor of Botany in the University of 
Minnesota. With 125 Illustrations. Demy 8vo. 12/- net. 

The Living Plant, a Description and Interpretation of its 
Functions and Structure. William F. Ganong, Ph.D. Fully 
Illustrated. 465+ xii pages. 15/- net. 

Plants and theiv Uses. An introduction to Botany. F. L. 
Sargent. 612 pages. 384 Illustrations. Crown 8vo. 7/6 
net. 

The Flower and the Bee. Plant Life and Pollination. 
John H. Lovell. Extra Crown 8vo. Profusely illustrated by 
Photographs taken by the Author. 10/6 net. 

A popular exposition, suitable to amateur gardeners, bee-keepers and lovers 
of nature generally. 

Lije Histories of Northern Animals. An Account of the 
Mammals of Manitoba. Ernest Thompson Seton, Naturalist 
to the Government of Manitoba. In 2 volumes. Large 8vo. 
Over 600 pages each. With 70 Maps and 600 Drawings by the 
Author. 73/6 net. 

Influences of Geographic Environment, e. c. Semple, 

Author of '' American History and its Geographic Conditions.'' 
Medium 8vo. 700 pages. 21/- net. 

Outlines of Evolutionary Biology. Arthur Dendy, 
D.Sc., F.R.S., Professor of Zoology in the University of 
London (King’s College) ; Zoological Secretary of the Linnean 
Society of London ; Honorary Member of the New Zealand 
Institute ; formerly Professor of Biology in the Canterbury 
College (University of New Zealand), and Professor of Zoology 
in the South African College, Cape Town. 2nd Edn, 
Enlarged. 4th Impression, with a Glossary. Fully Illustrated, 
15 /- net. 


Agriculture, Farming and Forestry. 

Agriadture and Irrigation. Kinsley D. Doyle. Demy 
8vo. 288 pp. 19/- net. 

Contents. — The Soil. Fertilizers. Irrigation. Wells and Pumping. Dry 
Farming and Economics. Pastures, Natural and Artificial. Notes on Forests, 
Cattle, Pigs and Carobs. Runs and Farms for Sheep and Ostriches. Cereals. 
Apples. Asparagus. Onion and Potatoes, Citrus Orchards. Grapes, Walnuts 
and Pistachio Nuts. Some Special Industries. Some Tropical Fruit. Tropical 
Plantations. Planting and Sowing for Oil. Tropical Agriculture, 
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Dairy Laboratory Guide, c. w. MeUck, B.S.A., m.s. 

Crown 8vo. With 52 Illustrations. 

Soils and Manures. J. Alan Murray, B.Sc. Extra Crown 
8 VO. 8/6 net. 

Contents. — Preface. Introductory. The Origin of Soils. Physical Properties 
of Soils. Chemistry of Soils. Biology of Soils. Fertility. Principles of 
manuring. Phosphatic Manures. Phospho-Nitrogenous Manures. Nitro- 
genous Manures. Potash Manures. Compound and Miscellaneous Manures. 
Potash Manures. Compound and Miscellaneous Manures. General Manures. 
Farmyard Manure. Valuation of Manures. Composition and Manurial Value 
of Various Farm Foods. Index. 

The First Book oj Farming. Charles L. Goodrich. With 

87 Illustrations. Crown 8vo. 7/6 net. 

Contents. — General Principles Underlying Plant Culture. Introduction 
to Plants. Roots. Soils. Relation of Soils to Water. Forms of Soil Water. 
Loss of Soil Water. Soil Temperature. Plant Food in the Soil. Seeds. 
Planting. Spading and Ploughing. Harrowing and Rolling. Leaves. Stems. 
Flowers. Soil Fertility as Afiected by Farm Operations and Farm Practices. 
Fertile Soils. Soil Water. After-Cultivation of Crops. Farm Manures. 
Commercial Fertilizers. Rotation of Crops. Farm Drainage. Glossary. 

Commercial Egg Farming, s. G. Hanson. Crown 8vo. 
Illustrated. 7th Impression. 1/9 net. 

A practical handbook based on the experience of the successful poultry faniicr. 
Deals with breeding, incubating, brooder-house management, colony houses, 
laying houses, and the co-operative marketing of eggs. Tables showing outlay 
required for establishing farms of various sizes are included. 

Utility Ducks and Geese. Their successful Rearing, 
Management, and Marketing. J. W. Hurst, Poultry Corre- 
spondent of The Field.*' Crown 8vo. Illustrated. 2/6 net. 

Insect Pests and Plant Diseases in the Vegetable 

and Fruit Garden. F. Martin Duncan, F.R.M.S., 
F.R.P.S., Author of Our Insect Friends and Foes,’* ** Wonders 
of Insect Life,** “ Cassell’s Natural History,” etc. Crown 8vo. 
Illustrated. 3/6 net. 

The object of this little book is to give in as brief and concise a form as possible 
a simple account of those Insect Pests and Plant Diseases with which the 
Allotment-holder and Gardener will be most likely to meet in the course of 
their labours. Keeping in mind that this work is intended for the help of the 
Amateur, care has been taken so far as possible to avoid the use of technical 
terms, and to explain their moaniiag when it was considered necessary. 

Farm Animals : How to Breeds Feed, Care For 
and Use Them. e. v. wnicox, Ph.D., m.a., u.s.a. 

Department of Agriculture. With over 60 Full-page Illus- 
trations. Demy 8vo. lo/- net. 
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ConifeVOUS Ttecs* Being a Concise Description of each Species 
and Variety, with the most recently approved Nomenclature, 
list of Synonyms, and best Methods of Cultivation. A. D. 
Webster, Author of ** Practical Forestry,'' “ The Forester's 
Diary," etc. Demy 8vo. 320 pages. 28 Plates. 21/- net. 

A complete manual on coniters, with chapters on the economic aspect, the 
quality and value of British grown timber, soils and situations most suited 
to the trees, their characteristics, means of propagation and the enemies to 
which they are subject. 

Estate EconotnicS. Andrew Slater, Gold Medallist of the 
Highland and Agricultural, and of the Royal Scottish Arbori- 
cultural Societies ; late Land Agent to the War Department 
in the Southern, Northern, and Scottish Commands ; and 
previously Land Steward to their late Majesties Queen Victoria 
and King Edward at Osborne. Demy 8vo. Fully Illustrated. 
10 /- net. 

Contents. — ^The Origin of Soils. The Drainage of Soils. Embanking of 
Rivers. Roads, etc. : Their construction and Maintenance. Fences and 
Gates, etc. : Division (i) Preliminary ; (2) Hedges ; (3) Walls ; (4) Wooden 
Fences ; (5) Gates, etc. Building, etc. : Division (i) Preliminary; (2) Hay 
Sheds; (3) Sheep Folds ; (4) Motive Power. Water Supplies. Sewage Drains, 
etc. The Utilisation of Land: Division (i) Preliminary; (2) Manuring; 
(3) Cultivation; (4) Permanent Pastures; (5) Hay Meadows; (6) Water 
Meadows; (7) Orchards; (8) Upland Pastures; (9) Reclamation of Land. 
Motor Traction. Forestry ; Division (i) Preliminary ; (2) The Tree and its 
Life History ; (3) British Forest Trees ; (4) The Nursery ; (5) The Formation 
of Woodland Crops ; (6) The Management of Woodland Crops ; (7) The 
Treatment of Matured Woodland Crops ; (8 ) The Disposal of Woodland Crops ; 
(9) The Valuation of Woodland Crops; (10) Forest Working Plans; (ii) 
General ; (12) The Preservation of Timber. 

Forests, Woods and Trees in Relation to Hygiene. 

Augustine Henry, M.A., F.L.S., M.R.I.A., Professor 
of Forestry, Royal College of Science, Dublin. Demy 8vo. 
Fully Illustrated with Maps and Photographs. i8/~ net. 
Contents. — The Influence of Forests on Climate. The Sanitary Influence of 
Forests. Forests as Sites for Sanatoria. Parks in Town and Municipal Forests. 
Trees in Towns. Afforestation of Pit Mounds. Afforestation of Water 
Catchment Areas. Conditions affecting the Planting of Water Catchment 
Areas. Trees for Water Catchment Areas and for General Planting. Water 
Catchment Areas in England and Wales. Water Catchment Areas in Scotland . 
Water Catchment Areas in Ireland. Index. 

Indian Ttees. An Account of Trees, Shrubs, Woody Climbers, 
Bamboos and Palms, Indigenous or Commonly Cultivated in 
the British Indian Empire. Sir Dietrich Brandis, K.C.l.E., 
Ph.D.(Bonn), LL.D.(Edin.), F.R.S., F.L.S., F.R.G.S., and 
Hon. Member of the Royal Scottish Arboricultural Society, of 
the Society of American Foresters, and of the Pharmaceutical 
Society of Great Britain. Assisted by Indian Foresters. New 
Edition in Preparation. 40/- net. 
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Law, Patents, etc. 

Building in London, a Treatise on the Law and' Practice 
aifecting the Erection and Maintenance of Buildings in the 
Metropolis. Horace Cubitt, A.R.I.B.A., etc. Illustrated, 
with Diagrams. 31 /6 net. 

Industrial Accidents and their Compensation, g. l. 

Campbell, B.S. Crown 8vo. 12/- net. 

The Law affecting Engineers, w. Valentine Bail, 
M,A.(Gantab.), Barrister-at-Law, Joint Editor of “ Emden’s 
Building Contracts.” Demy 8vo. 10/6 net. 

Henslowe's Motor Dictionary. Compiled by Leonard t*. 
Henslowe. English-French, French-English. Contains British 
and Metric Units of Measurement. 

Foreign and Colonial Patent Laws. w. Cranston 
Fairweather, Chartered Patent Agent. Demy 8vo. 10/6 net. 

Patents, Designs and Trade Marks. The Law and Com- 
mercial Usage. Kenneth R. Swan, B.A.(Oxon.), of the 
Inner Temple, Barrister-at-law. Extra Crown 8vo. 7/6 net. 

The Arbitration Clause in Engineering and Building 

Contracts. E. J. Rlmmer (Barrlster-at-Law), M.Inst. 
C.E., etc. Crown 8vo. 2/- net. 


Miscellaneous. 

Dictionary of British Scientific Instruments. Pre- 
pared by the British Optical Instrument Manufacturers’ 
Association. Demy 8vo. Fully Illustrated. 21/- net. 

The British in China, and Far Eastern Trade. 
C. A. Middleton Smith, B.Sc., A.M.I.M.E. Demy 8vo. 
18/- net. 

Forecasting Weather, sir w. N. shaw, f.r.s., Sc.d., etc., 

Director of the Meteorological Office, London. New Edition in 
Preparation. 

Clouds. A Descriptive Illustrated Guidebook to the Observa- 
tion and Classification of Clouds. George Aubourne Clarke, 
F.R.P.S., F.R.Met.Soc. With a Preface by Sir Napier 
Shaw, LL.D., Sc.D., F.R.S. , Director of the Meteorological 
Office. Demy 8vo. 148 pp. Illustrated. 21/- net. 
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Town Planning in Madras, a Review of the Conditions 
and Requirements of City Improvement generally and Develop- 
ment in the Madras Presidency in particular. H. V. Lan- 
chester, F.R.I.B.A., M.T.P.I., etc. 4to. 124 pages Text. 
66 Full-page and 13 Folding Plates. 12/6 net. (See p. 31.) 

Soft Soldering, Hard Soldering, and Brazing. 

A Practical Treatise on Tools, Materials, and Operations, for the 
use of Metal Workers, Plumbers, Tinners, Mechanics and Manu- 
facturers. James F. Hobart, M.E. 203 pages. 62 Illus- 
trations. 9/6 net. 

Perspective . An Elementary Text-Book. B. J. Lubschez, 
M.Am.I.A. 88 pages. 32 Illustrations. 6/~ net. 

Public Health Chemical Analysis. Robert c. 

Frederick, Analytical Assistant to the Professor of Hygiene, 
Royal Naval College, Greenwich, and Aquila Forster, Ph.D., 
M.Sc., A.I.G., Research Chemist, Research Department, Royal 
Arsenal, Woolwich. Demy8vo. 305 pp. Illustrated. 21/- net. 

Contents. — Introductory. Air. Water. Sewage, etc. Milk and Cream. Butter 
and Margarine. Lard. Carbohydrates. Proprietary Foods. Rice. Alcoholic 
Liquors. Baking Powders. Tea, Coffee, etc. Metallic Poisons in Food-StufEs. 
Disinfectants. Soap. Rag Flock. Appendix. Index. 

Colour and Its Applications, m. Luckiesh, Physicist, 
Nela Research Laboratory, National Lamp Works of General 
Electric Co. 129 Illustrations, including 4 Plates in Colour. 
18/- net. 

Light and Shade and Their Applications. 

M. Luckiesh. Medium 8vo. 280 pages. 135 Illustrations and 
Tables. 15/- net. 

Natural Rock Asphalts and Bitumens. Their Geology, 
History, Properties and Industrial Application. Arthur 
Danby, Chemist and Public Consultant on Rock Asphalt 
and Bitumen. Crown 8vo. 244 -fix pages. 8/6 net. 

Contents. — Nomenclature and Definitions. Geology of Bitumen and Rock 
Asphalt. Appearance and Physical Structure. History and Ancient Use. 
Modern Exploitation of Rock Asphalt. Sources of Rock Asphalt and Bitumen. 
American Deposits of Bitumen. Extraction and Preparation of Rock Asphalt. 
Tests and Analyses. Physical Properties of Rock Asphalt. The Carrying Out 
of Rock Asphalt Work, and of Rock Asphalt Mastic Work. Macadam Roads. 
Other Uses of Bitumen. 

Watery its Purification and Use in the Industries. 

W. W. Christie, M.Am.S.M.E., M.Am.S.C.E. 230 pages. 

79 Illustrations. 12/6 net. 

Time and Clocks, a Description of Ancient and Modem 
Methods of Measuring Time. H, H. Gunynghame, M.A*, 
C.B. Crown 8vo. 3/6 net. 

Structural Geology, c. k. Leith. 169+viu pages. 68 
Illustrations. Demy 8vo. 8/6 net. 



MISCELLANEOUS 


63 


Seasonal Trades. Arnold Freeman, B.A., and Sidney 
Webb. With a Bibliography of each trade. 7/6 net. 

Industrial Engineering : Its Present Position and 

Post-War Outlook. F. W. Lanchester, M.Inst.C.E. 

Crown 8vo. Paper, i /- net. 

The Limitations of Science. Louis T, More, Ph.D., Pro- 

fessor in the University of Cincinnati. Crown 8vo. 6/6 net. 

Contents. — Science as a Symbol and a Law. The Metaphysical Tendencies 
of Modern Physics. Descartes and his Influence on Recent Science. The 
Scientifle Method. The Classical and the New Mechanics. Scepticism and 
Idolatry in Science. Science as the Arbiter of Ethics. Index. 

The Seven Follies of Science. John Piiin. a New and 

Enlarged Edition. Demy 8vo. 15 /- net. 

A popular account of the most famous scientific impossibilities, and the 
attempts which have been made to solve them. To which is added a small 
budget of interesting paradoxes, illusions and marvels. 

The Claims of Labour and of Capital, w. R. Cooper. 

Crown 8vo. 2/6 net. 

Terms of Industrial Peace. Alex. Ramsay. Crown 8vo. 

3/6 net. 

A vigorous and well-informed survey of the relations existing between Capital 
and Labour. The author emphasises the necessity of industrial peace in view 
of the need for greater productive power in this country, and outlines a 
scheme for the avoidance and settlement of disputes. 

Bvitish Ruilwciys, a Financial and Commercial Study. 
W. R. Lawson, Chairman of the Railway Shareholders' Associ- 
ation. 3204-xxxii pages. Extra Crown 8vo. 6/- net. 

The Sea Fisheries. J. T. Jenkins, D.Sc., Ph.D. Royal 
8 VO. 24 /- net. Very fully Illustrated. 

Contents. — Statistical Methods. The Collection of Statistics. Methods of 
Fishing. The Trawling Grounds. Consideration of Individual Fish. The 
Rise of the Herring Fisheries. The Development of Steam Trawling. Legisla- 
tion and the Sea Fisheries. The Inshore Fisheries. Public Fisheries for Shell- 
fish. The Education of Fishermen. Science and the Sea Fisheries. State Aid and 
Fishery Research. Foreign and Colonial Fisheries and their Administration. 

A Text-Book of Oceanography. J.Travis Jenkins, Author 
oP' The Sea Fisheries." DemySvo. 256 pp. Illustrated. 15/- net. 
Contents. — Introduction. Extent of the Ocean. Classification of the 
Oceans and Seas. Sea Level. Hydrographical Curve of the Earth's Surface. 
General Features of the Ocean Bottom. Ocean Deeps. Oceanic Deposits and 
Bottom Fauna. The Temperature of the Sea. The Properties of Sea- Water. 
Sea-Ice. Icebergs. Atmospheric Gases in Sea-Water. Sea-Water as a Food 
Solution for Plants. Salinity. Waves. The Tides. Ocean Currents. Appendices. 

Ths CuTVeS of I^ife. Being an Account of Spiral Formations 
and their Application to Growth in Nature, to Science, and to 
Art. Sir Theodore Andrea Cook, M.A., F.S.A. 415 Illus- 
trations and ii Plates. Royal 8vo. 470 +xxxii pages. 12/6 net. 
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The World's Meat Future. An Account of the Live Stock 
Position and Meat Prospects of all Leading Stock Countries of 
the World with Full Lists of Freezing Works. A. W. Pearse, 
F.R.G.S., Editor of “The Pastoral Review.'" With an Intro- 
duction by Sir Owen Cox, K.B.E. Demy 8vo. 352 pages. 
291 Illustrations. 2nd Ed. Price 21/- net. 

Contents. — ^The World’s Meat Future. Summary of Meat Supplies. Trade 
and Empire. Australia. New Zealand. Argentina. Brazil. Uruguay. 
Paraguay. Chile. Patagonia. United Stales. Canada. Mexico. Venezuela, 
British Guiana. Ecuador. Colombia. Honduras. Bolivia. Peru. Rhodesia. 
South Africa. Madagascar. Morocco. British East Africa. South-West 
Africa. Egypt and Soudan. Sheep in Egypt and Southern Palastine. Nigeria. 
Abyssinia, Somaliland and the Cameroons. China. Siberia. The Pacific 
Islands (Fiji, New Caledonia, Sandwich Group). Japan. Innovation in 
Mutton Stowage. Dipping Cattle. Cattle Tick Eradication. Dehorning 
Ca*ttle. Live and Dressed Weights. Venison. Statistical Study of Body 
Weights, Gains and Measurements of Steers during the Fattening Period, 
with Tables. List of Meat Canning and Preserving Works in Australia, 
New Zealand, Argentina, Patagonia, Uruguay, Paraguay, Brazil, Venezuela. 

International Language and Science. Considerations on 
the Introckiction of an International Language into Science. 
Translated by Prof. F. G. Donnan. Demy 8vo. 2/- net. 

Good Engineering Literature. Harwood Frost, 
M.Am.Soc.M.E. Crown 8vo. 4/6 net. 

Lije and Letters oj Joseph Black, M.D. sir William 

Ramsay, K.G.B., F.R.S. With an Introduction dealing with 
the Life and Work of Sir William Ramsay, by F. G. Donnan, 
F.R.S. Demy 8vo. 168 pages. 7 Illustrations. 6/6 net. 

“ A valuable contribution to scientific history .” — The Times. 

Britain’s Heritage of Science. Arthur Schuster, f.r.s., 
and Arthur E. Shipley, F.R.S. Crown 8vo. 330 pages. 15 
Portraits. 3rd Impression. 14/- net. 

“ This is the first attempt to give a comprehensive view of the history 
of British science in all its branches by men who occupy the position of 
authorities, and we congratulate them on the success of their efforts .” — British 
Medical Journal. 

From Newton to Einstein, changing Conceptions of the 
Universe. Benjamin Harrow, Ph.D. Foolscap 8vo. Paper. 
2/6 net. 

Einstein’s contributions to our ideas of time and space and to our know- 
ledge of the universe in general must rank among the greatest achievements 
of the twentieth century. This little book gives a concise and lucid account 
of Einstein's discoveries, but since these are .so largely dependent on the work 
of Newton and his successors, the first two chapters are devoted to the latter. 

Panama. Its Creation, Destruction, and Resurrection. Philippe 
Bunau-Varilla. Royal 8vo. 12/6 net. 
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Messrs. Franklin and Charles* 

List of Publications 

Practical Physics, Franklin, Crawford and Macnutt. 

Vol. I. Prfxise Measurements — Mechanics and Heat. 9/- net. 
Vol. II. Elementary and Advanced Measurements in 
Electricity and Magnetism. 9/- net. 

Vol. III. Photometry. Experiments in Light & Sound. 7/- net. 

The Elements of Electrical Engineering, W. S. Franklin 
and William Esty. 

Vol. I. Direct Current Machines : Electric Distribution 
and Lighting. 28/- net. 

Vol. 11 . Alternating Currents. 26/- net. • 

Advajiced Theory of Electricity & Magnetism. W. S. Frank- 
lin and Barry MacNutt. 16/6 net. 

Elements of Electricity and Magnetism. W. S. Franklin 
and Barry MacNutt. 12/- net. 

The Elements of Electrical Engineering. W. S. Franklin. 

A Simplilicd Version of the Elements by Franklin and 
Esty (see above). 

Vol. 1 . Direct and Alternating Current Machines and 
Systems. 28/- net. 

Vol. 11 . Electric Lighting and Miscellaneous Applications 
OF Electricity. 20/- net. 

A Calendar of Leading Experiments. W. S. Franklin and 
Barry MacNutt. 16/6 net. 

The Elements of Calculus. Franklin, MacNutt and Charles. 
16/6 net. 

Dynamo Laboratory Manual. W. S. Franklin & William Esty. 
Vol. 1 . Direct-Current Studies and Tests. 12/- net. 

Elementary Electricity and Magnetism. W. S. Franklin 
and Barry MacNutt. 9/- net. 

Elementary Statics. Franklin and MacNutt. 4/- net. 

BilVs School and Mine. A Collection of Essays by W. S. 
Franklin. 2nd Edn. 5/6 net. 

Electric Waves. W. S. Franklin. 24/- net. 

Lessons in Mechanics (1919). W. S. Franklin and B. Mac- 
Nutt. 12/- net. 

Lessons in Electricity and Magnetism ( 1919 ). W. S. Frank- 
lin and B. MacNutt. 12/6 net. 
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Colour and its Applications, 62 
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